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MORPHOLOGICAL VARIATION IN BALSAM FIR 
RELATED TO SEED SOURCE
by
WILLIAM JAMES LOWE
The evaluation of 16 morphological traits for 15 
seed sources of balsam fir (Abies balsamea (L.) Mill) 
common to three outplanting locations were made after the 
seedlings had been grown in the field for three years. This 
study sampled a limited portion of the range of balsam fir, 
with the purpose of observing and, when possible, determin­
ing possible causes of the geographic variation present 
within the species. Also, the non-local seed sources were 
evaluated for possible use for Christmas tree production in 
New Hampshire and Vermont.
Seed source means were used for all analyses and the 
main effects were treated as fixed sources of variation. 
Traits that may have been influenced by total height at the 
time of planting (height growth, total height, and diameter) 
had a regression coefficient for original height added to 
the model. Discontinuous data were analyzed by methods ap­
propriate to nonparametric statistics, while the remaining 
variables were subjected to an analysis of variance. Linear
xi
and multiple regression techniques were used to determine 
the relationships between physical-climatic variables at the 
location of the parent seed source and 1973 morphological 
observations.
Most traits showed differences among seed source 
means and a seed source by planting location interaction was 
evident for many traits. The regression analyses indicate 
clinal variation predominates in the balsam fir sources 
tested in this study. Both the temperature and the moisture 
regimes at the location of the parent seed sources have 
acted as selective forces on the native populations. Time 
of growth initiation in the spring has been mainly influ­
enced by the temperature regime, while growth parameters 
(height growth, total height, and diameter) were generally 
related to the moisture regime. Both temperature and mois­
ture regimes at the location of the parent seed source 
affected bud traits (number of internodal buds/centimeter, 
number of lateral buds per terminal cluster, and the number 
of lateral buds per top whorl branch) measured in this study.
The seedlings used in this study have been in the 
field for only three years and there are indications that the 
seed sources have not stabilized their ranking. Future 
measurements will be required to determine if the relation­
ships observed in this study are maintained. The local seed 
source (07) used in this study compared favorably in traits 




Genetics is the science dealing with causes of re­
semblances and differences among related organisms. The 
effect of genes, the environment and their interaction are 
taken into account. Forest genetics is the branch of the 
science that deals with forest trees. Forest tree breeding 
or forest tree improvement is the practical application of 
genetic principles to obtain genetically better trees for 
regenerating forest stands following harvest. There are 
five major approaches to tree improvement: 1) selection
and crossing of superior individual trees; 2) testing trees 
from different geographical regions; 3) testing exotic tree 
species; 4) production and testing of interspecific hybrids 
or intraspecific hybrids between different geographic 
origins; and 5) polyploidy breeding (Wright, 1962).
Geographic variation is common in most tree species. 
This variation may be caused by genetic factors, environ­
mental effects or an interaction between them. In a tree 
breeding program where the development of superior strains 
is the objective, the forest geneticist should be aware of 
the geographic variation within a species. A provenance 
study, where several seed sources from different geographic 
regions are planted in a replicated design, can give insight 
into the amount of geographic variation for various traits 
that is present within a species. By establishing outplant­
ings at several locations, it is possible to determine
2whether there are location by seed source interactions.
A species with a restricted range may not exhibit 
defined patterns of geographic variation. A species with a 
more extended range, on the other hand, usually exhibits 
patterns of variation which can be either continuous or dis­
continuous depending upon the manner in which the different 
traits vary. Clinal variation (continuous variation) is 
defined as a geographical gradient of phenotype or genotype 
within the species range (Snyder, 1972). If a species has 
a continuous range where climate and topography change 
gradually from one end of the range to the other, then some 
traits will change gradually over the range. In the absence 
of reproductive isolation which occurs as a result of dis­
continuities in the range of a species, a clinal pattern 
of variation for several traits will result from the envir­
onmental gradient. A species with a discontinuous range 
(that is, the species is broken up into a number of smaller 
interbreeding populations) may exhibit general genetic 
characteristics that are discontinuous and distinct from one 
another, a race. Races become ecotypes when they are adapted 
to the selective action of a particular environment. Depend­
ing upon the past and present isolation patterns and habitat, 
clinal and ecotypic variation may occur together within a 
species.
If clinal variation occurs within a species, it is 
possible to predict how an unknown seed source of the 
species will perform if the performance of seed sources
3from the species extremes are known. Discontinuous varia­
tion, however, may make it possible to move seed over 
relatively long distances, within the ecotypes range of 
adaptability, with no undesirable results. Seed movement 
over short distances to locations that are not within the 
range of adaptability for the ecotypes may produce undesir­
able results.
Approximately 20 percent of the 4,907,000 acres of 
commercial forest land in New Hampshire is classified as 
spruce-fir type of which balsam fir (Abies balsamea (L.) 
Mill.) is a major compact. The New Hampshire Cooperative 
Extension Service"*" estimates that there is approximately 
865.3 million board feet of growing stock of balsam fir in 
New Hampshire. In addition to this value of pulpwood and 
sawlog production, balsam fir is highly valued as a Christmas 
tree. It is the dominate species in the Christmas tree 
industry where an estimated 818,000 seedlings are planted 
annually and in which approximately 300,000 trees are har­
vested annually. Balsam fir is also the predominate species 
in the annual production of 200 tons of material used for 
Christmas boughs and 60,000 Christmas wreaths. The present 
whosesale value of the products of the Christmas tree growing 
industry in New Hampshire is $670,000.
The objectives of this study were to: 1) observe
the geographic variation of several morphological traits
"^Personal Communication from Roger Sloan.
4in a number of sources of balsam fir; 2) to determine the 
causes of the geographical variation where it does occur 
among the sources; and 3) to evaluate non-local seed sources 
for use in Christmas tree production in New Hampshire and 
Vermont.
5REVIEW OF LITERATURE 
Clinal Variation
The four major species of southern pine, longleaf 
pine (Pinus palustris Mill.), shortleaf pine (Pinus echinata 
Mill.), loblolly pine (Pinus taeda L.), and slash pine (Pinus 
elliottii Engelm.), show a predominance of clinal variation 
after 10 to 15 years growth in different field locations.
The results were obtained from the Southwide Pine Seed Source 
Study which was initiated in 1951 by the Committee on 
Southern Forest Tree Improvement. Between 1951 and 1957, 
a total of 108 plantations were established representing the 
four major southern pine species (Wakeley, 1951).
There was a positive correlation between 10-year 
height of longleaf pine and mean annual temperature and pre­
cipitation at the seed source (Wells and Wakeley, 1970a). 
Progeny from seed sources collected in southern Alabama 
ranked first in height growth in five of eight outplantings. 
The three outplantings where Alabama sources did not rank 
first were located near the extremities of the longleaf pine 
range; however, Alabama sources averaged 57.7 percent above 
the plantation mean in volume per acre in the plantations 
that were not located near the extremities of the range.
They concluded that seed could be moved from the southern 
Alabama area until a 4°F. change in mean annual temperature 
is reached, and beyond this area the use of local seed was 
recommended.
6The 10-year height measurements of shortleaf pine 
demonstrated clinal variation associated with mean annual 
temperature, but a large seed source by plantation interac­
tion existed (Wells and Wakeley, 1970b). A strong positive 
relationship existed between mean annual temperature and 
tree height at the southern plantations. This relationship 
became slightly positive or zero at the mid-plantations and 
negative at the northern plantations. On the basis of the 
30 plantations, they were able to divide the range of short­
leaf pine into five zones and make specific recommendations 
for seed movement within and between zones.
The well defined patterns of geographic variation 
observed at age 10 in loblolly pine (Wells and Wakeley, 1966) 
remained evident and had increased in strength at age 15 
(Wells, 1969). Sources west of the Mississippi River sur­
vived better than sources east of the river in most plantings. 
This variation may be due to adaptation of these sources to 
drought conditions which are more common west of the river 
and which have a longer duration in the western portion of 
the species range. In eight plantations south of Maryland, 
height was highly correlated with summer rainfall (r = .88).
At the majority of plantings, the tallest sources were from 
areas which have high summer rainfall and mild winters.
However, at the two coldest plantings (Maryland and Tennessee), 
trees from areas with cold winters and low summer rainfall 
performed best. In conjunction with the results of a TVA 
seed source study (Zarger, 1961), recommendations were made 
for moving seed in delineated zones.
7A seed source study which included 54 seed sources 
of slash pine showed stand-to-stand variation after one year 
with traits exhibiting either clinal or random patterns of 
variation (Squillace, 1966). Many patterns contained a 
latitudinal gradient through Florida, however the trends 
were reversed in the north central portion of the range. 
Adaptation to climate or other environmental factors which 
change gradually in the species range probably resulted in 
these variation patterns.
Older seed source studies of slash pine, which in­
cluded fewer seed sources than the 1966 study, showed little 
genetic variation in survival and growth when planted on 
favorable sites (Snyder, Wakeley and Wells, 1967). However, 
when plantations were established on adverse sites, or sites 
north or west of the species range, trees of northern or 
western provenances generally survived best.
In 1955, the U. S. Forest Service and several coop­
erators began a range wide provenance test of white pine 
(Pinus strobus L.). Early reports of this test indicated 
that height varied clinally and was negatively correlated 
with latitude (Santamour, 1960; Sluder, 1963). Clinal vari­
ation was also reported for two-year results of 99 seed 
sources in Maryland (Genys, 1968). Two-year height was 
directly related to latitude in Ontario; seven-year height 
was inversely related to latitude, but directly related to 
annual frost-free period and mean January temperatures 
(Fowler and Heimberger, 1969). After 10 years clinal vari-
8ation continues to be evident in the Southern Appalachians 
(Sluder and Dorman, 1971).
Southern Appalachian white pine was reported to have 
generally superior height growth in most Midwest plantations 
(Funk, 1965 and Wright, 1970). However, ten year measurements 
in the midwest indicated that the southern Appalacian sources 
of eastern white pine continue to be taller in Indiana and 
Illinois but not necessarily in Iowa. After 10 years the 
northern Georgia source was only 39 percent taller than the 
shortest trees as compared to an 81 percent superiority at 
age 6 (Funk, 1971). When tested in the Lake States, only a 
weak geographic pattern of variation could be detected. When 
12 white pine seed sources common to plantations in North 
Carolina, Central States, Michigan, Minnesota and Wisconsin 
were compared, it was found that the southern Michigan plan­
tation resembled the Central States and North Carolina 
plantings more than either Wisconsin or Minnesota plantings. 
The data showed no seed source by plantation interaction 
northward from North Carolina until one passed north and 
west of lower Michigan then a strong interaction occurred 
over a relatively short distance. It was concluded that 
sources from regions with a mean January temperature over 
20°F should not be planted in the northern Lake States 
(King and Nienstaedt, 1969).
The 10-year measurements on 13 plantations (11 in 
the Northeast and two in the Central States) indicated that 
height of white pine was correlated with seed source latitude 
in the lower latitude plantations (negative) and the upper
9latitude plantations (positive) but not in the midrange 
plantations (42°44' to 43°32'N.) with the exception of the 
Massachusetts plantation. In Massachusetts a positive cor­
relation between total height and latitude occurred (Garrett 
et al. , 1973). These results are supported by previous studies 
indicating that southern Appalachian seed sources of white 
pine could be moved north, in this case, to Pennsylvania. 
Southern sources and local sources should be used in a zone 
between 40° and 45°N. latitude and only sources from north 
of 40° N. latitude should be used in central and northern 
Maine.
Ecotypic Variation
Geographic variation of needle and cone character­
istics, seed germination and seedling characteristics, in 
lodgepole pine (Pinus contorta Dougl.) were studied by 
Critchfield (1957). He recognized four geographic regions 
which merited subspecies rank; however, within each region, 
geographic and altitudinal gradients of independent taxonomic 
characters and seedling characteristics could be determined.
Clinal and Ecotypic Variation
Provenance studies with white spruce (Picea glauca 
(Moench) Voss) have shown differences among seed sources in 
height growth, branch angle, wood density, germination temp­
erature thresholds, nuclear volumes, DNA content, needle 
length, and color (references cited in Nienstaedt and Teich,
10
1972). Data involving 36 seedling characteristics among 28 
seed sources representing the entire white spruce range 
suggests a clinal pattern of variation. Apparently photo­
period, temperature and precipitation have acted as selective 
pressures to cause the geographic variation present in white 
spruce.
Height growth of various white spruce seed sources 
has been studied in several plantings in Canada and the United 
States. In these plantings, seed sources from one region in 
southeastern Ontario are consistently above average. One 
outplanting in northern Wisconsin is 35-years old and seed 
sources from this region still maintain their superiority 
(Nienstaedt and Teich, 1972). Generally when northern seed 
sources are moved south they often grow slowly and are sus­
ceptible to spring frosts because of early flushing. Al­
though one northern seed source (Swastika) of white spruce 
was found which was 14 percent taller than average at 14 
years of age, and another source (Summit Lake, B.C.) suffered 
mortality, individual survivors grew well which may indicate 
that this seed source would respond well to individual tree 
selection. These results demonstrated that, although in 
general most northern sources cannot be moved south, some 
northern seed sources may be useful in some southern areas, 
especially where early fall frosts prohibit southern or local 
seed sources from obtaining their full growth potential 
(Tiech, 1972).
11
In the western portion of its range the DNA content 
of white spruce cells varied with latitude (r = 0.71) while 
in the eastern portion of the range, the two characteristics 
were independent (Nienstaedt and Tiech, 1972). Moreover, 
needle length, needle color, and monoterpene studies showed 
different east-west variation patterns. These studies led 
to the conclusion that the species should be considered as 
two major populations— an eastern population and a western 
population with distinct variation patterns occurring in each.
In 1911, an unreplicated provenance study of Ponderosa 
pine (Pinus ponderosa Laws.) which included 22 seed sources, 
was established in northern Idaho by the Priest River Forest 
Experiment Station (now a part of the Intermountain Forest 
and Range Experiment Station). Five plantations of an un­
replicated 10 seed source provenance study were also estab­
lished in Oregon and Washington in 1926 by the Pacific 
Northwest Forest and Range Experiment Station. Linear and 
multiple correlation techniques were used to study the 3 0 
and 40-year measurements of these plantings (Squillace and 
Silen, 1962). They found a clinal pattern of variation with 
growth rates increasing from east to west and from south to 
north in the eastern portion of the range. However, in the 
western portion of the range such a latitudinal cline was 
not evident. Height growth of all sources was most strongly 
correlated with the percent of annual precipitation that 
occurred from September through June and with mean April-May 
temperatures. There also was some evidence of the presence
12
of an altitudinal cline, with growth decreasing as elevation 
increased. The longitudinal cline was mainly associated with 
precipitation distribution and the latitudinal and elevational 
clines were associated with April-May temperatures. Climatic 
gradients are not uniform and as a result growth trends may 
not be uniform. Such topographic features as the Cascade 
and Rocky Mountain ranges greatly disrupt the east-west pre­
cipitation patterns and growth trends would probably follow 
these disruptions (Squillace and Silen, 1962).
Another provenance study of ponderosa pine including 
19 seed sources was established at the Fort Valley Experi­
mental Forest near Flagstaff, Arizona during 1913-17. In 
the Fort Valley nursery, seedlings of northern and western 
origin appeared larger and healthier than other sources, but 
were unable to withstand the frost and drought periods of 
the Southwest (Larson, 1966). In 1964 only one tree survived 
from the northern and western sources, this was 47 to 51 
years after outplanting. In general, sources closest to 
Fort Valley survived and grew best.
Ponderosa pine has two recognized forms, the scopulorum 
form, which occurs in the Rocky Mountains, and the ponderosa 
form, along the Pacific Coast (Fowells, 1965). Wells (1964) 
distinguished two races in the form ponderosa (North plateau 
and California ecotype) and three races in the form scopulorum 
(Southern Interior Ecotype, Central Interior Ecotype and 
Northern Interior Ecotype). He justified this separation 
into ecotypes by the following: (1) in many cases there was
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no overlap of morphological traits among progenies belonging 
to adjacent ecotypes, (2) variation pattern of multi-character 
analysis and (3) correlations that are evident when all of 
the Pacific Coast or Interior sources were considered were 
absent or even reversed in direction when progenies from a 
small portion of the range were compared. The ecotypes were 
generally variable but in most of them the variation pattern 
seemed to be random.
A clinal pattern of variation in 2 9-year old ponderosa 
pine was found when progenies from an elevational transect 
were grown at 960, 2730, and 5650 ft. elevations, respectively 
(Conkle, 1973). The mid-elevation (2000 to 4000 ft.) were 
tallest in all three planting sites. Progenies from high 
elevation seed sources challenged the mid-elevation progenies 
at the high elevation plantation. Conkle (1973) recommended 
that mid-elevation progeny be used for planting up to 5 000 
feet elevation and that high elevation material be used for 
planting above 5000 feet. This was recommended because of 
the absence of significant growth advantages and adaptational 
differences may still develop before rotation age for this 
species.
Balsam Fir
Balsam fir is a small to medium sized tree (growing 
to 40-60 feet in height) occurring in the Boreal and Northern 
Forest Regions of eastern North America. In Canada, the range 
of balsam fir extends continuously from the Maritime Provinces 
to the Prairie Provinces and northwest to Lesser Slave Lake
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in Alberta. In the United States, balsam fir occurs most 
abundantly in New England, New York, and the Lake States 
with its range extending south to Pennsylvania. There are 
also scattered occurrences of the species in Iowa, Virginia 
and West Virginia (Figure 1).
Balsam fir makes its best development in a cool, 
moist climate. Within its range, the mean annual temperature 
varies from 25° to 45°F, average annual precipitation from 15 
to 55 inches, and the frost-free season from 8 0-18 0 days.
The species makes its optimum growth on the Green River 
watershed in New Brunswick. Within this area the mean annual 
temperature varies from 35-40°F, the frost-free season is 110 
days and mean annual precipitation is between 30 and 4 0 inches 
(Bakuzis and Hansen, 1965) .
Balsam fir grows on a wide variety of soil types.
Soils vary from silt loams derived from lacustrine deposits 
and stoney loams developed from glacial till, to gravelly 
sands and peat swamps. Natural stands of the species occur 
at elevations from near sea level in Maine and southeastern 
Canada to approximately 5,600 feet in the Appalachian 
Mountains (Fowells, 1965).
Taxonomic problems develop when separating balsam 
fir from its two close relatives, subalpine fir (Abies 
lasiocarpa (Hook.) Nutt.) and Fraser fir (Abies fraseri 
(Pursh) Poir.). Both grow in close geographical proximity 
to balsam fir (Bakuzis and Hansen, 1965).
Figure 1.
Range of Balsam H r  (aims balsaama (L.) Hill.) With Saed Source and Outplanting
Locations.
'•* . •*  t
l35jr
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Artificial hybridization has been attempted between 
balsam and‘supalpine fir using the former as the female 
parent. Mature cones were collected; however, data on the 
number of seeds obtained were not published (Chiasson, 1967). 
Researchers have presented conflicting views about the possi­
bility of introgression between balsam fir and subalpine fir. 
Raup (1946) believes that the natural ranges of the two 
species have expanded slowly, but have not yet met in Alberta 
while another (Moss, 1959), feels that the mixing of the two 
species in the region of Lesser Slave Lake and the Athabasca 
River in Central Alberta is a distinct possibility.
Bracted balsam fir (Abies balsamea var phanerolepis 
Fern.), which is separated from var. balsamea by cone bract 
length/scale length ratio, is presently the only recognized 
subspecific taxon of balsam fir and this taxonomic separation 
appears questionable. Workers (cited in Bakuzis and Hansen, 
1965) have found an altitudinal gradient on Mt. Washington 
with var. balsamea occurring at low altitudes and var. 
phanerolepis being found at higher altitudes. There was a 
regular gradient between the two populations when the whole 
slope was sampled. Also, a gradient between the populations 
was found from the East Coast to the Lake States with var. 
phanerolepis at the East and var. balsamea in the Interior.
It is suggested that the two varieties are ends of a cline 
that represents a continuous population (Bakuzis and Hansen, 
1965). When samples from the western portion of the range 
were included, cone bract length/scale length was larger in
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the east, but generally the variation was continuous for all 
traits measured (Lester, 1968). The balsam fir that occurs 
in Virginia and West Virginia is usually var. phanerolepis. 
Since the cone bract length/scale ratio is the major charac­
teristic used to differentiate among balsam fir, var. 
phanerolepis, and Fraser fir, it was hypothesized that the 
populations of var. phanerolepis may represent hybrids between 
the two species. Robinson and Thor (1969) studied the geo­
graphic variation of 13 leaf and cone characteristics, 
collected from a number of stands of var. phanerolepis, of 
pure balsam, and of Fraser fir. The phanerolepis stands 
were no more variable than either the pure balsam or pure 
Fraser fir in 12 of the 13 characteristics indicating that 
the stands of balsam fir var. phanerolepis are probably not 
of hybrid origin. In addition, there was considerable over­
lap in individual tree characteristics among stands of pure 
balsam fir, var. phanerolepis and pure Fraser fir.
Fraser fir was generally considered to be part of 
the same population as var. balsamea and var. phanerolepis, 
however, due to its restricted range and reduction in gene 
pool, Fraser fir was considered to be quite distinct (Bakuzis 
and Hansen, 1965). The variation in leaf and cone character­
istics between Fraser fir and balsam fir from the southeastern 
portion of its range suggest a north-south clinal gradient of 
a single species rather than there being two species (Robinson 
and Thor, 1969). Also a north-south clinal pattern of 
variation with respect to monoterpene content of Fraser fir,
18
balsam fir, and var. phanerolepis was recently described 
(Thor and Barnett, 1973). They recognize only one species 
of Abies with three varieties var. balsamea, var. phanerolepis, 
and var. fraseri.
Apparently, during the Pleistocene epoch, balsam fir 
had a continuous range from the present Boreal forest south­
ward along the Appalachian Mountains. As the climate warmed 
the species became isolated on mountain tops and in bogs.
These relic stands of a once continuous population extending 
over a wide geographic range contained many potential centers 
for the development of new species. If subpopulations had 
remained isolated sufficiently long enough to allow for 
genetic drift and/or sufficient selection pressures existed, 
sharp discontinuities might have continued to develop re­
quiring the recognition of separate species.
A seed source study of balsam fir established by 
Lester (1970) showed highly significant differences in height 
after five years from seed. Five seed sources from the 
eastern portion of the range (three sources from New Brunswick, 
one source each from Quebec and New Hampshire) were the 
tallest. The shortest sources were usually from the western 
portion of the range (Saskatchewan, Western Ontario,
Minnesota, Upper Peninsula of Michigan, and a high elevation 
seed source in New York). Seed sources from Manitoba and 
Western Ontario were variable in their performance.
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MATERIAL AND METHODS
The twenty-one balsam fir seed sources used in this 
study came from the collection of Dr. Donald Lester at the 
University of Wisconsin. They represent a portion of a 
larger balsam fir seed source study established by Dr. Lester 
under the North Central Regional Project 99 - Forest Tree 
Improvement Through Selection and Breeding. Dr. Maxwell 
McCormack, Jr., (University of Vermont) who obtained the 
seed from Dr. Lester and Dr. Harold Hocker, Jr., (University 
of New Hampshire) arranged for the seeds to be planted in 
the New Hampshire State Forest Tree Nursery. After three 
years, the seedlings were lifted from the nursery bed and 
each source was divided between the two states. When 
material was insufficient to divide between both states, 
Vermont retained the entire seed source. Therefore, Vermont 
retained 21 seed sources while New Hampshire obtained 15 
seed sources. Seed source locations are shown in Figure 1 
and Table 1.
Each university established two outplantings after 
maintaining the seedlings in their own nurseries until the 
trees were 3-2 transplants (Table 2). The outplantings were 
established in the fall of 1970 in New Hampshire, and in the 
spring of 1971 in Vermont. The field used in the Coos 
County, New Hampshire outplanting had been abandoned for 











°N °W Feet (Meters)
*07 Vermont 44 ° 00' 72°521 1500 (457) 5
08 Vermont 43°561 72059' 1600 (488) 5
*10 Manitoba 50°151 96°07' 870 (265) 5
*21 Ontario 46°251 79°10' 840 (256) 5
*25 Ontario 48 °201 81°42' 1020 (311) 5
31 Ontario 49°35' 83°201 805 (245) 5
*33 Ontario 49°50' 85°551 650 (198) 5
35 Ontario 49°20' 88°10' 880 (268) 5
*46 Ontario 51°001 93°551 1170 (357) 16
*48 Minnesota 46°121 93°27' 1160 (354) 5
*49 Minnesota 47057' 91047. 1600 (488) 5
*57 Wisconsin 45 0 581 90°07' 1190 (363) 12
*60 Wisconsin 46°02' 88°491 1550 (472) 5
*64 Michigan 46°121 87°56 ' 1350 (411) 12
*66 Michigan 46°15 1 85°241 835 (254) 12
*70 Michigan 44 °30' 84°48 ' 1150 (350) 12
71 Manitoba 50°561 101°00' 1800 (549) 12
*72 Manitoba 50°531 101°01' 1800 (549) 12
87 Quebec 47°31' 69°011 900 (274) 10
*90 New York 43°451 74 0 07' 1820 (555) 5
96 Maine 44 0 451 68°37' 100 (030 5
**99 Unknown Unknown Unknown Unknown p
*Present in all outplantings
**Material collected from a Christmas tree plantation of 
unknown seed origin owned by Mr. Harly Weir in Coos 





No. State County Latitude Longitude Elevation Sources
Feet (Meters)
1 New Hampshire Coos 44054. 71°18' 2340 (640) 16
2 New Hampshire Strafford 43°10' 70°561 110 ( 30) 16
3 Vermont Lamoille 44034. 72°231 1250 (342) 21
4 Vermont Bennington 43°17' 73°15' 1900 (519) 16
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in maintained fields. All outplanting sites were mowed and 
treated with herbicides (Atrazine and Simizine) prior to 
planting to control competing vegetation. Additional mowing 
and herbicide treatments controlled vegetative competition 
in subsequent years.
Each outplanting was a randomized complete block 
design containing four replications. Each seed source was 
represented by two 7-tree rows located at random within each 
replication. When a seed source did not have enough seedlings 
for two complete rows, the available number was divided 
between the two rows and nursery trees were used to complete 
the rows. Nursery seedlings were also used to establish two 
rows of border seedlings around the study area. The New 
Hampshire outplantings were established at a 8 by 8 foot 
spacing and the Vermont outplantings at a 5 by 5 foot spacing.
Variables measured in this study are listed in Table 
3. Total height of each tree was measured to the nearest 0.5 
cm after planting. The New Hampshire outplantings were re­
measured annually until 1973. The Vermont outplantings were 
measured only in 1972 and 1973. Because of a prolonged dry 
period which caused excessive mortality, the Strafford County, 
New Hampshire outplanting had to be dropped from the study in 
1971.
Seed source means, within a replication, were used 
for all analyses and the main effects were assumed to be 
fixed sources of variation. Because each outplanting had a 
different number of seed sources, separate analyses were
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TABLE 3
TRAITS MEASURED ON BALSAM FIR SEED SOURCE STUDY
1 . Mortality
♦2. Date of Growth Initiation - Days from January 1
3. Total Height - 0.5 cm
4. Height Growth - 0.5 cm
5. Number of Lateral Buds on Terminal Cluster
6. Number of Internodal Buds
7. Number of Branches in Top Whorl
8 . Number of Internodal Branches
9. Needle Length (Top Whorl) - 0.1 cm
10. Needle Arrangement
11. Color
♦♦12. Branch Angle (Average Top Whorl) - 5°
♦♦13. Diameter (within 1 inch of ground) - 0.1 mm
14. Frost Damage
15. Insect and/or Disease Damage
16. Browse
17. Lateral, Buds on Top Whorl
18. Lateral Branches on Second Whorl From Top
19. Form
♦Measured in Vermont only in 1973 
♦♦Measured only in 1973.
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made within each outplanting and, except for the traits which 
were scored (where nonparametric analysis was used) the data 
from all outplantings were analyzed by combining the 15 
common seed sources. When applicable, Duncan's new multiple- 
range test was performed on seed source means.
All testing for significant differences was done at 
the 5 percent level (denoted by an *).
Measurements such as needle arrangement, color, frost 
damage, insect and disease damage, browse and form were 
analyzed by nonparametric statistics. A Friedman two-way 
analysis of variance by ranks was conducted on each variable 
for each outplanting and the Kendall coefficient of concord­
ance (W) was used to determine the association of the ranking 
among replications in each outplanting. Appendix 1 contains 
the ratings used for the subjective trains.
For the Freidman test data was cast in a two-way 
table. Columns were seed sources and rows were replications. 
The data was ranked from 1 to the number of seed sources 
within each row and sums were then obtained over replications 
(rows). The Freidman test determines whether the sums or 
rank totals differ significantly. Where there is a sufficient 
number of rows and columns the Freidman statistic is distri­
buted approximately as chi square with the degrees of freedom 
equal to one less than the number of columns.
Survival data was transformed by the arcsin 
^percentage before analysis.
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For those traits that may have been influenced by 
seedling height at time of planting, (total height, height 
growth, diameter) a regression coefficient for original 
height was added to the model. To obtain homogeneous 
variances for the combined outplanting analysis, a log 
transformation was applied to the height growth means in 
1972 and to the diameter means. The height growth means 
for 1973 were divided by their respective variances to ob­
tain a transformation for those data.
Numbers of internodal buds and internodal branches 
were divided by the proper year's height growth to obtain a 
mean number per centimeter value for each trait and these 
values were used in the analyses and for comparison. Also, 
numbers of side buds and branches were divided by the number 
of branches in the whorl to obtain the mean value per branch 
which was used in the analyses.
Growth initiation was counted as the date when the 
needles could be seen at the end of any bud on the tree. 
Growth initiation data was collected once a week in 1971 and 
1972 and twice a week in 1973.
Needle length was the mean of the longest and short­
est needles from the midportion of a typical branch in the 
top whorl.
The remaining traits were analyzed by an analysis 
of variance. The log transformation was applied to the 
number of internodal buds per centimeter in 1972 at the 
Bennington County, Vermont outplanting to obtain normality 
before analysis. The same transformation was applied to
26
the number of internodal buds per centimeter (1972), the 
number of lateral buds in the terminal cluster (1972), and 
the number of branches in the top whorl (1973) to obtain 
homogeneous variances before the combined outplanting analysis 
was performed.
Linear and multiple regressions were used to determine 
the relationships between physical-climatic variables and the 
1973 observations of morphological traits at each of the three 
outplanting locations. Climatic information was obtained from 
a climatological station as near as possible to each seed 
source location except for sources 07 and 08 (two Vermont 
sources) (Table 4). A weather station at Granville, Vermont 
near the location of the two sources was found to have five 
years of climatological data. These data were correlated 
with the data from a station at Cornwall, Vermont which had 
30-year records. The Cornwall normals were adjusted by re­
gression equations shown in Appendix 2 and these data were 
then used to provide climatological data for seed source 07, 
which was common to all outplanting locations. Seed source 
08 was planted only at location 3.
The climatic variables included in this study are 
listed in Table 5. The number of days with a mean temperature 
^ 6°C was calculated for each seed source using the formula 
developed by Wiersma (1963). Growing degree days (based on 
42°F.) could not be directly obtained from all weather 
stations, therefore, a sample of weather stations with July 
daily maximum and minimum average temperatures and growing
TABLE 4
CLIMATE STATION LOCATIONS
Seed State or No. Yrs.
Source Province Latitude Longitude Elevation of Record
°N °W Feet (Meters)
*07 Vermont 43°57' 73°131 340 (104) 30
*08 Vermont 43°57' 73°13' 340 (104) 30
10 Manitoba 50° 07' 96°01' 875 (267) 15-19
21 Ontario 46°27' 79°521 745 (227) 30
25 Ontario 48°211 81°241 890 (271) 30
31 Ontario 49°25' 82°28' 752 (229) 30
33 Ontario 50° 021 85°161 620 (189) 20-24
35 Ontario 49°091 88 °23' 750 (220) 25-29
46 Ontario 51° 04' 93°491 1245 (379) 15-19
48 Minnesota 46°481 93019. 1234 (376) 30
49 Minnesota 47°41' 91°551 1615 (492) 30
57 Wisconsin 45°561 90°271 1492 (455) 30
60 Michigan 46°161 89°11' 1630 (497) 22
64 Michigan 46°291 87°391 1436 (438) 30
66 Michigan 46°201 85°301 886 (270) 28
TABLE 4. (continued)
Seed State or No. Yrs.
Source Province Latitude Longitude Elevation of Record
°N °w Feet (Meters)
70 Michigan 44°20' 84°491 1136 (346) 30
71 Manitoba 50°471 101°161 1837 (560) 25-29
72 Manitoba
i"oOin 101°161 1837 (560) 25-29
87 Quebec 47°26' 69° 021 646 (197) 15-19
90 New York 43°451 74°171 1660 (506) 27







a. Latitude +1° per 100 meters elevation (Wiersma, 
1963)






a. mean daily temperature
b. mean daily maximum temperature
c. mean daily minimum temperature
2. January and July
a. mean daily temperature
b. mean daily maximum temperature
c. mean daily minimum temperature
3. Seasonal
a. mean spring temperature
b. mean summer temperature
c. mean fall temperature
d. mean winter temperature
F. Precipitation
1. Mean Total Annual
2. Seasonal
a. mean monthly spring precipitation
b. mean monthly summer precipitation
c. mean monthly fall precipitation
d. mean monthly winter precipitation
G. Growing Season
H. Growing Degree Days
I. Number of Days Mean Temperature >_ 6°C
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days were used to estimate growing degree days. The result­
ing regression equation involving mean July daily maximum 
and minimum temperatures was used to estimate growing degree 
days for all of the stations (Appendix 3).
Latitude and longitude are correlated (r = .71) be­
cause of the distribution of the seed source common to all 
outplantings. Latitude is related with all of the climatic 
variables except mean monthly summer precipitation, July mean 
daily temperature, mean summer temperature, growing degree 
days and length of growing season. Longitude is correlated 
with the precipitation variables except for mean monthly 
summer precipitation. Longitude is also associated with 
January and winter temperatures, annual daily maximum temp­
erature, and number of days with a mean temperature 6°C.
The correlation coefficients between the physical and climatic 
factors used in this study are listed in Appendix 4.
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RESULTS AND DISCUSSION 
Growth Initiation
Date of growth initiation (days from January 1) of 
balsam fir in this study was significantly different among 
seed sources at each of the outplantings (Table 6) with 
means ranging from 12 0 to 151 days from January 1 (Table 7). 
Within each outplanting there was approximately a two week 
difference in time of flushing between the earliest and 
latest seed sources. Seed source 70 (Michigan) was the 
latest flushing source at each outplanting.
When data for the seed sources common to the three 
outplantings were combined and analyzed, test of differences 
of main effects due to seed sources and outplantings were 
significant, while the seed source by outplanting interaction 
was not significant (Table 8). Duncan's new multiple-range 
test separated seed source 70 from the remaining seed sources 
at the 5 percent level (Table 9). Source 70 flushed 4 days 
later than the next latest source. This trend agrees with 
results obtained by Lester (1970) who reported that seed 
source 70 started growth several days later than the next 
latest source. Seed sources 57, 60, and 90 (two from Wisconsin 
and one from New York) were the next latest in flushing date.
Time of flushing from January 1 ranged from a mean 
of 142 days at outplanting 1 to 124 days at outplanting 4. 
Outplanting 3 averaged 12 8 days. Mean date of growth initia-
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TABLE 6
ANALYSIS OF VARIANCE FOR GROWTH 
INITIATION AT EACH OUTPLANTING
Outplanting 1 Outplanting 3 Outplanting 4
Source of Mean Mean Mean
Variation df Squares df Squares df Squares
Block 3 265.95 3 5.74 3 1.09
Seed Source 15 89.23* 20 92.54* 15 56.96*
Residual 45 9.28 60 6.09 45 1.39
TABLE 7
MEAN DATE OF GROWTH INITIATION FOR EACH OUTPLANTING-^
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Seed Source 14 251.37*
Block/Outplanting 9 86.77
Outplanting x Seed Source 28 6.93
Residual 126 5.56
TABLE 9
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1/ Days past January 1
2/ Means connected by the same line are 
not significantly different by Duncan's 
new multiple-range test.
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tion was different for each of the three outplanting sites. 
Outplanting 1 is farther north and is at a higher elevation 
than the other two outplantings and would be expected to 
begin growth later in the year. Outplanting 3 is farther 
north than outplanting 4 but is at a lower elevation (Table 
2). The counteracting effect of increasing elevation as 
latitude decreases could explain the relatively small dif­
ference (4 days) in time of growth initiation between out­
plantings 3 and 4.
Time of growth initiation for woody plants is con­
sidered to be mainly influenced by temperature and this 
relationship appears to be present with balsam fir. Date 
of growth initiation was correlated with latitude, mean 
maximum annual daily and mean maximum July daily temperature 
(r = -.68, .73 and .78, respectively, Figure 2). A multiple 
regression equation involving July mean daily maximum temp­
erature and growing degree days was the best predictor of 
flushing time (Figure 3).
Growth initiation was measured at outplanting 1 in 
1971, 1972, and 1973. The time of flushing was correlated 
between the separate years (Table 10). The relatively 
smaller correlation involving 1971 data may be attributed 
to transplanting shock because the material was planted in 
the fall of 1970. These correlation coefficients indicate 
that the ranking of growth initiation of the various sources 
has remained relatively stable across years. This is 
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Figure 3. Prediction Equation for Time of Growth Initiation.
38
TABLE 10
CORRELATION COEFFICIENTS BETWEEN YEARS FOR MEAN 
GROWTH INITIATION AT OUTPLANTING 1.









cient (t = 0.76) comparing the seed source ranks between
1972 and 1973. The regression equation in Figure 3 can be 
used to predict how an unknown seed source will perform 
relative to the 15 seed sources common to the three outplant- 
ings.
An attempt was made to correlate mean date of growth 
initiation with frost damage and annual height growth. The 
later flushing seed sources of balsam fir suffered less 
damage from late spring frosts than early flushing sources. 
This was most pronounced at outplanting 1 in 1972 when a 
frost occurred during the week of June 15th. Frost damage 
was correlated with time of growth initiation in 1972 and
1973 (r = -.78 and -.47, respectively) at outplanting 1.
The relationship was weaker at outplanting 3 (r = -.24) and 
was not significant at outplanting 4; however, frost damage 
was not a serious problem at either 3 or 4.
Height growth was related to mean flushing date in 
1973 at outplanting 4 (r = -.27), while at the other out- 
plantings these traits were not correlated. Lester (1970) 
reported that rate of stem elongation determined the amount 
of height growth in a given year and that duration of growth 
was unimportant. The case where height growth and time of 
flushing were correlated in this study may be due to environs 
mental effects because there was severe competition from 
weeds in outplanting 4.
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Survival
Survival after three years in the field ranged from 
35 to 99 percent and varied significantly at two of the three 
outplantings (Table 11). Seed source 66 (Michigan) had the 
poorest survival at outplantings 1 and 4 and Duncan's new 
multiple-range test would only separate this source from the 
sources having better survival (Table 12). Survival varied 
from 57 to 99 percent at outplanting 3 with a gradual change 
among seed source means.
The combined outplanting analysis showed that the 
main effects for seed source, outplanting, and their inter­
action were significant (Table 13). The seed source within 
outplanting mean did not show a consistent pattern of change 
(Table 14). Survival at any of the outplantings was not 
correlated with any of the physical or climatic variables 
used in this study.
Before outplanting in the field the seedlings had 
been grown in two different nurseries in an unreplicated 
design. Nursery and outplanting effects were therefore con­
founded. Also different initial size of the seedlings may 
have been due to seed source effects, within nursery effects 
and/or an interaction between the two factors. Furthermore, 
size differences among sources may have had an effect upon 
the ability of the material to withstand transplanting shock. 
A record of mortality following transplanting was not kept, 




ANALYSIS OF VARIANCE FOR SURVIVAL 
AT EACH OUTPLANTING
Outplanting 1 Outplanting 3 Outplanting 4
Source of Mean Mean Mean
Variation df Squares df Squares df Squares
Block 3 65.50 3 268.32 3 168.61
Seed Source 15 340.03* 15 381.98* 15 227.76
Residual 45 138.97 60 181.41 45 159.53
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TABLE 12
PERCENT SURVIVAL AT EACH OUTPLANTING
Outplanting 1 Outplanting 3 Outplanting 4
Seed Treat. Seed Treat. Seed Treat.






















































1/ Means connected by the same line are not significantly 
different by Duncan's new multiple-range test.
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TABLE 13





Seed Source 14 395.96*
Blocks/Outplanting 9 169.35
Outplanting x Seed Source 28 266.96*
Residual 126 156.83
TABLE 14
OUTPLANTING BY SEED SOURCE MEANS 
FOR THREE YEAR SURVIVAL
Outplanting 1 Outplanting 3 Outplanting 4
Seed Survival Seed Survival Seed Survival
Source % Source % Source %
64 91.4 07 98.3 33 88.1
10 90.5 46 96.3 70 86.4
60 89.2 64 93.3 48 82.1
49 86.7 48 91.9 60 81.6
57 84.5 25 91.6 25 81.1
33 83.6 60 89. 8 07 78.0
48 79.0 10 89.9 72 77.4
70 77.7 57 84.6 10 71.8
90 76.2 90 80.6 46 70.3
21 74.4 21 78.0 21 69.7
72 71.3 66 76.3 49 67.4
07 65.3 72 75.6 90 66.8
46 65.1 33 67.8 64 65.9
25 64.5 70 66.3 57 63.8
66 35.2 49 65.0 66 38.9
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Since the trees have been exposed to the natural 
environment for only three years, the adaptability of the 
seed sources has not been fully tested. A prolonged dry 
period occurred at outplanting 2 following establishment and 
survival the following spring ranged from a low of 16 percent
(seed source 66) to a maximum of 68 percent (seed source 70).
However, the variation in the outplanting was large (s- = 13) 
and a regular pattern of survival could not be determined. 
Survival patterns at the remaining three outplantings could 




Differences in height growth among seed source means 
in 1973 were apparent only in outplanting 4 (Table 15).
There was no relationship between the total height of the
seedlings at the time of planting and the amount of terminal 
elongation in 1973 at any of the outplantings. Gradual grada­
tion in height growth among seed source means occurred at each 
outplanting with no seed source or group of seed sources being 
noticeably taller or shorter (Table 16).
When the 15 seed sources common to all outplantings 
were analyzed there were differences among seed sources and 
outplantings. Also, the outplanting by seed source inter­
action was significant (Table 17). The linear regression of 
total height at the time of planting was non-significant for
TABLE 15













Block 3 17.57 3 64.99 3 2.00
Seed Source 15 3.71 20 18.96 15 4.74*
Regr. on Orig. 
Hgt. 1 0.08 1 19.42 1 3.60
Residual 44 2.57 59 18.09 44 2.17
Regr. Coef. -0.02 0.19 -0.07
U1
TABLE 16









































































































OUTPLANTING ANALYSIS OP VARIANCE 






Seed Source 14 0.44*
Block/Outplanting 9 0.96
Outplanting x Seed Source 28 0.67*
Regr. on Orig. Hgt. 1 0.22
Residual 125 0.22
Regr. Coef. - 0.01
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1973 height growth values. Seed source ranks within each 
outplanting do not show a discernible pattern of change when 
compared among seed sources (Table 18). It appears that out- 
planting 3 is a better site because the shortest seed source 
there was taller than any seed source at the other two out­
plantings. Outplanting 1 was intermediate between outplant­
ings 3 and 4.
No relationship between height growth at outplanting 
1 and any of the climatic variables was evident, however, at 
outplanting 3 height growth was correlated with longitude and 
mean monthly winter precipitation (Figure 4). Height growth 
in 1973 at outplanting 4 was associated with mean summer 
temperature, growing degree day, July mean daily minimum 
temperature, and length of growing season (Figure 5). Winter 
precipitation and length of growing season can be used to 
estimate height growth at outplanting 3, while length of 
growing season and mean summer temperature can be used to 
predict terminal elongation at outplanting 4 (Figure 6).
Total Height
After three years in the field, seed source means for 
total height were different only at outplanting 4, but the 
linear regression of total height upon initial height was 
significant at all outplantings (Table 19). Duncan's new 
multiple-range test did not indicate that it was possible to 
separate the seed source means (Table 20).
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TABLE 18
SEED SOURCE WITHIN OUTPLANTING ADJUSTED MEANS 
(CM.) FOR HEIGHT GROWTH - 1973
Outplanting 1 Outplanting 3 Outplanting 4
Seed Treat. Seed Treat. Seed Treat.
Source Mean Source Mean Source Mean
57 10.8 07 19.8 33
tn•00
10 10.4 25 16.2 72 7.2
33 10.4 21 16.0 60 7.1
25 9.7 10 15.6 90 6.8
64 9.6 64 15.5 25 6.8
70 9.6 90 15.5 46 6.7
46 9.4 66 14.7 07 6.7
60 9.3 57 13.7 21 6.5
48 9.2 72 13.8 49 5.8
49 8.8 70 12. 9 66 5.7
90 8.6 60 12.9 10 5.3
07 8.2 46 12.8 48 5.2
72 8.1 48 12.5 70 4.8
66 8.0 33 12.3 64 4.7




































Linear Relationship of 1973 Terminal Elongation 
at Outpla,nting 3 to (a) Longitude (°W) , (b) Mean
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Figure 5. Linear Relationship of 1973 Terminal Elongation 
at Outplanting 4 on a) Length of Growing Season, 
b) Growing Degree Days (42°F Base), and c) Mean 
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Figure 6 . Multiple Regression Equation for Terminal Elonga­
tion at a) Outplanting 3, b) Outplanting 4.
TABLE 19
ANALYSIS OF VARIANCE FOR THREE YEAR HEIGHT 
AT EACH OUTPLANTING
Outplanting 1 Outplanting 3 Outplanting 4
Source of Mean Mean Mean
Variation df Squares df Squares df Squares
Block 3 77.02 3 107.96 3 12.55
Seed Source 15 41.46 20 47.84 15 29.56*
Regr. on Orig. Hgt. 1 138.17* 1 811.02* 1 534.55*
Residual 44 28.00 59 58.98 44 12.67
Regr. Coef. 0.99 1.20 0.83
TABLE 20







































































































1/ Means connected by the same line are not significantly different by Duncan's new 
multiple-range test.
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In the combined outplanting analysis of total height 
the linear regression upon initial height, the main effects 
and the outplanting by seed source interaction showed that 
there were differences among the seed source means, outplant­
ing means and their interaction (Table 21). Seed source 
ranks within outplantings were not consistent among outplant­
ings (Table 22). As with the height growth means, outplanting 
3 is superior to the other two outplantings and outplanting 1 
is generally intermediate.
A test of several regressions showed that it was 
possible to relate total height after three years with some 
measure of the moisture regime at the location of the parent 
seed source. Total height at outplanting 1 was correlated 
with mean monthly fall precipitation; at outplanting 3 it 
was correlated with longitude. At both 3 and 4 height was 
correlated with mean monthly winter precipitation (Figure 7). 
Total height at outplanting 1 could not be predicted by a 
multiple regression equation, however, at outplanting 3 
height was predicted by a multiple regression equation which 
included mean monthly winter precipitation and length of 
growing season. At outplanting 4 height was predicted by 
mean monthly winter precipitation and number of days with a 
mean temperature >_ 6°C (Figure 8) .
The amount of height growth and total height in 1973 
was correlated at both outplantings 3 and 4 (r = .93 and .78, 
respectively); while they were not related at outplanting 1 
(r = .21). This indicates that the ranking of seed sources
56
TABLE 21







Seed Source 14 51.56*
Block/Outplanting 9 50.56
Outplanting x Seed Source 28 49.24*




SEED SOURCE WITHIN OUTPLANTING (CM.) ADJUSTED













21 53.1 07 79.3 90 46.7
25 52.8 25 68.1 46 44.2
60 50.2 90 68.1 07 43.5
33 49. 0 21 67.2 72 43.4
64 48.2 10 66.4 33 42.4
90 47.1 64 65.2 60 42.8
57 46.7 66 64.4 25 40.6
10 46.5 72 63.9 21 40.2
07 46.1 57 62.8 66 40.2
46 46. 0 49 62.3 10 39.6
70 45.7 60 61.3 70 38.8
48 44. 9 46 61.1 48 38.6
49 44.2 70 60.4 49 38.2
66 42.8 48 60.2 57 37.7




















Y = 39.34 + 2.78X
r2 = .31* + +
+
52________ I__________ I__________ I__________ l
.9 1.7 2.5 3.3 4.1
Y = 99.3 -0.398X
b)
0 78 86
Y = 57.5 +0.43X







Y = 38.0 +1.78X
r = .29*
inear Relationship of Three Year Adjusted Height 
a) At Outplanting 1 on Mean Monthly Fall Precip- 
tation (in.), (b) At Outplanting 3 on Longitude
°W), (c) At Outplantings 3 (+) and 4 (o) on Mean 
































Y = 44.9 +5.13 X1+0.106 X2
X^ = Mean Monthly Winter Precipitation (in.) 
[2 = Growing Season
35
Y = 70.0 +3.15 X,-0.158 X
X.^  = Mean Monthly Winter Precip. (in)
Mean Temp. > 6°C
183 201 219 237 255 (X2)
Figure 8. Multiple Regression Equation for Adjusted Three
Year Height at (a) Outplanting 3, (b) Outplanting
4.
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may change considerably at outplanting 1 , while rankings will 
probably be more stable at outplantings 3 and 4. The appar­
ently superior site at outplanting 3 permitted the material 
to develop much faster. The high correlation between shoot 
elongation and total height at outplanting 3 agreed with the 
similarity of the regression analysis for the two traits.
The two traits were not as similar at outplanting 4 where the 
correlations associated with terminal elongation appeared to 
be temperature related while total height was related to pre­
cipitation differences. This outplanting (4) was located 
near the edge of the natural distribution of balsam fir. 
Temperature may become a selective force near the southern 
limit of its distribution. However, severe weed competition 
developed on this site in 1972 and this may still be a 
factor. The material at outplanting 1 could still be ad­
justing from the nursery effects and/or the severe frost 
during the week of June 15, 1972 and has not reached a 
stable condition. The results from outplanting 3, which 
are supported by Lester (1970), suggest that the relation­
ships of height growth and total height with precipitation 
should continue and a relationship with longitude should 
develop.
An east-west pattern in height differences was re­
ported, although seed sources from Manitoba and Western 
Ontario departed from the trend (Lester, 1970). In this 
study, the Vermont source was included with the sources from 
Manitoba and Western Ontario as outliers from the regression
60
line. The correlation of total height and precipitation was 
an indication of the moisture requirements of the species 
and was supported by Lester (1970).
Diameter
Differences in diameter were found among seed source 
means at outplantings 1 and 4 and the linear regression of 
diameter on total height at the time of planting was signif­
icant only at outplanting 3 (table 23). This indicated that 
the diameter of trees at outplanting 3 was still influenced 
by the initial height of the seedlings and seed source 
differences in diameter have not developed as in the other 
two outplantings. Duncan's new multiple-range test on each 
outplanting indicated a gradual change in seed source means 
(Table 24).
The outplanting analysis of variance of the 15 common 
sources showed that the main effects and the linear regression 
of mean diameter to mean total height at time of planting were 
significant, while the outplanting by seed source interaction 
was not-significant (Table 25). Duncan's new multiple-range 
test on the adjusted seed source means indicated a gradual 
change with the adjusted diameter means ranging from 5.05 to 
6.04 mm (Table 26). Mean diameters at outplantings 1 and 4 
were not significantly different (6.0 vs. 5.9 mm), however, 
both means were larger than at outplanting 3 (4.8 mm).
Adjusted seed source diameter means were not correl­
ated with any of the physical-climatic variables used in this
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TABLE 23
ANALYSIS OF VARIANCE FOR DIAMETER 
AT EACH OUTPLANTING
Outplanting 1 Outplanting 3 Outplanting 4 
Source of Mean Mean Mean
Variation df Squares df Squares df Squares
Block 3 13.70 3 1.74 3 3.74
Seed Source 15 7.19* 20 9.09 15 5.13*
Regr. on Orig. 
Hgt. 1 1.93 1 126.37* 1 6.41
Residual 44 2.59 59 8.18 44 2.19
Regr. Coef. 0.12 0.48 0. 09
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TABLE 24































































1/ Means connected by the same line are not significantly
different by Duncan's new multiple-range test.
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TABLE 25
COMBINED OUTPLANTING ANALYSIS OP 
VARIANCE FOR DIAMETER





Seed Source 14 .0051*
Blocks/Outplanting 9 .0019
Outplanting x Seed Source 28 .0016























1/ Mean connected by the same line are not significantly 
different by Duncan's new multiple-range test.
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study. In the plantings at the present time diameter is 
still apparently influenced by the size differential among 
seed sources at time of planting. This may be attributed 
to within or between nursery variation. Also, the short 
duration of this study (3 years in the field) may have been 
insufficient for a stable pattern of geographic variation in 
diameter growth to occur.
Needle Characteristics
Needle Length
Needle length varied among seed source means at each 
of the outplantings (Table 27). Seed source 48 was separated 
from the rest of the sources for short needles at outplanting 
1 by Duncan's new multiple-range test (Table 28). Seed source 
48 was also one of the sources with short needles at the other 
outplantings.
The combined outplanting analysis showed that the main 
effects for outplanting and seed source, and their interaction 
were significant (Table 29). Seed source within outplanting 
menas are listed in Table 30. Seed source 48 remained among 
the short needled sources at all outplantings. Outplanting 3 
appears to have generally longer needles.
The only significant linear regressions were found 
at outplanting 3, where needle length was significantly cor­
related with longitude (r = -.56) and mean monthly winter 
precipitation (r = .61) (Figure 9). A multiple regression
65
TABLE 27













Block 3 0.041 3 0.108 3 0.075
Seed Source 15 .046* 20 .080* 15 .077*
Residual 45 .021 60 .022 45 .024
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TABLE 28
MEAN NEEDLE LENGTH (CM) AT EACH OUTPLANTING
Outplanting 1 Outplanting 3 Outplanting 4
Seed Treat. Seed Treat. Seed Treat.






















































1/ Means connected by the same line are not significantly
different by Duncan's new multiple-range test.
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TABLE 29 







Seed Source 14 0.070*
Blocks/Outplanting 9 .007
Outplanting x Seed Source 28 .050*
Residual 126 .019
TABLE 30
LENGTH OF NEEDLE (CM) OF EACH SEED SOURCE
WITHIN OUTPLANTINGS
Outplanting 1 Outplanting 3 Outplanting 4
Seed Treat. Seed Treat. Seed Treat
Source Mean Source Mean Source Mean
57 1.54 07 1.99 33 1.79
70 1.54 66 1.89 49 1.63
33 1.51 90 1.88 64 1.57
90 1.51 21 1.87 70 1.55
25 1. 49 49 1.87 25 1.54
72 1.48 46 1.78 72 1.54
07 1.44 57 1.78 57 1.51
60 1.42 64 1.78 46 1.47
66 1.42 70 1.77 60 1.47
64 1.40 10 1.74 48 1.43
10 1.38 72 1.74 90 1.40
21 1.37 25 1.73 07 1.38
46 1. 37 33 1. 72 21 1.34
49 1.33 60 1.61 10 1.32






























Linear Relationship of Mean Needle Length at 
Outplanting 3 on (a) Longitude (°W) and (b) Mean 
Monthly Winter Precipitation (in.).
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involving longitude, latitude plus 1 degree per 189 m. eleva­
tion, and mean annual daily minimum temperature was correlated 
with needle length at outplanting 3 (Figure 10). A relation­
ship between needle length and the climatic factors could not 
be determined using multiple regression at the other outplant­
ings.
At outplanting 3 needle length was related to height 
growth (r = .58) and total height (r = .65) which indicates a 
biological relationship between tree vigor and needle length. 
Also, the linear correlation of longitude and mean monthly 
winter precipitation with needle length may be the result of 
the relationship between growth characteristics and needle 
length. The relationship between needle length and growth 
characteristics was not evident at the other outplantings 
or at outplanting 3 in 1972. Measurements in future years 
are needed to determine if this is a real relationship that 
will continue at outplanting 3 and develop at the other out­
plantings, or if it appeared by chance in only the one year.
Similarly, the predictive value of the equation for 
needle length at outplanting 3 must be questioned. There was 
little similarity between the ranking of the seed sources at 
outplanting 3 for needle length between 1972 and 1973 (Kendall 
rank correlation coefficient; t = .17). Again, additional 
measurements in the future will be required to determine if 
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Figure 10. Multiple Regression Predicting Needle Length at 




Needle arrangement varied significantly among seed 
sources at each outplanting in 1972, and at outplantings 1 
and 4 in 1973 (Tables 31 and 32). In all cases where the 
Freidman statistic was significant, the Kendall coefficient 
of concordance was significant indicating that the seed sources 
ranked similarly among blocks. A suitable test has not been 
developed which can compare the different outplantings or to 
determine whether an outplanting by seed source interaction 
exists.
Kendall's rank correlation coefficient was not sig­
nificant for any of the outplantings when the ranks of the 
seed sources were compared between 1972 and 1973. Although 
the seed sources were not similarly ranked between the two 
years, it should be noted that seed source 07 (Vermont) had 
the largest sum of ranks (a more circular pattern of needle 
arrangement) at all outplantings in 1972, at two outplantings 
in 1973, and was second at outplanting 1 in 1973.
In 1973, current terminal elongation and needle 
arrangement were correlated at each outplanting (r = .28,
.45, .32 for outplantings 1, 3, and 4, respectively). Trees 
growing in full sunlight have a fuller needle arrangement 
than trees growing in partial or complete shade (Gurney, 1970). 
This study indicates that some variation in needle arrangement 
occurs even under full sunlight and that needle arrangement 
is related to height growth.
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TABLE 31
NONPARAMETRIC ANALYSIS SHOWING SUM OF RANKS FOR NEEDLE
ARRANGEMENT FOR EACH OUTPLANTING IN 1972
Outplanting 1
Seed Sum of 
Source Ranks
Outplanting 3
Seed Sum of 
Source Ranks
Outplanting 4
Seed Sum of 
Source Ranks
57 9.0 66 8.0 49 13.5
60 12.5 46 18.5 57 16.5
70 12.5 60 19.5 60 17.5
21 17.5 31 28.0 35 22. 0
25 26. 0 25 32. 0 70 23.5
90 29.5 57 33.0 90 30.5
64 30.0 64 33.0 66 31.0
46 33.5 70 34.5 33 33.5
10 34. 0 90 35.5 25 37.5
49 37.0 49 36.5 64 38.5
99 43. 0 71 39.0 46 40.5
48 43.5 21 45. 0 48 41.0
72 46. 0 10 50.5 72 43. 0
07 46.0 48 51.0 21 44.5
35 51.0 10 49.0







Stat. 30.95* 47.46* 28.66*
Coef. of 
Concordance 0.67 0.61 0.49
Chi Square 34.88* 49.07* 29.38*
df 13-/ 20 15
1/ Seed sources 33 and 66 are missing.
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TABLE 32
NONPARAMETRIC ANALYSIS SHOWING SUM OF RANKS FOR NEEDLE
ARRANGEMENT FOR EACH OUTPLANTING IN 1973
Outplanting 1 
Seed Sum of 
Source Ranks
Outplanting 3 
Seed Sum of 
Source Ranks
Outplanting 4 
Seed Sum of 
Source Ranks
60 10.5 48 22.5 70 7.5
49 11.5 49 23.0 57 11.0
57 19.5 46 29.5 35 17.0
46 21.5 96 31.5 48 26.5
72 25.5 57 33.5 60 28.0
64 31.5 10 36.5 64 31. 0
70 32.0 66 37.5 10 32.5
21 36.0 35 38.0 46 33.0
33 36.0 70 40.5 49 33.5
66 38.0 60 42. 0 25 34.5
48 38.5 64 44.5 66 42. 0
90 42.5 33 45.0 72 44.0
25 43.0 87 45.5 21 46. 0
10 48.5 90 45.5 33 49.0
07 50.0 21 53.0 90 49.0







Stat. 31.12* 20.94 33.46*
Coef. of 
Concordance 0.54 0.29 0.57
Chi Square 32.10* 22.90 34.01*
df 15 20 15
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Color
Color means were significantly different among seed 
sources at each of the outplantings in 1972 (Table 33). At 
outplantings 1 and 3, the Vermont source (07) had a relatively 
small sum of ranks (a darker green color). However, at out- 
planting 4 the Vermont source was ranked in the middle of 
the seed sources. This may be partially due to the weed com­
petition that remained on that site from 1972.
In 1973, the seed source means for color did not vary 
at any of the outplantings. However, there appeared to be 
color differences among seed sources though they were not 
detected. The difference in ability to detect color differ­
ences between years may be due to the fact that different 
technicians were involved with the study. The technician who 
measured color in 1972 had been a professional photographer 
and had considerable experience in judging and relating colors, 
while the technican in 1973 lacked such experience. It 
appears that it would be advantageous to use a rating system 
which permits a greater number of classes which would have 
allowed for more distinct color classification. The Muncell 
color chips used in the study did not have a sufficient 
number of classes, and as a result differences which seemed 
apparent to the eye of the observer were not resolved in 
the numerical classification which was selected.
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TABLE 33
NONPARAMETRIC ANALYSIS SHOWING SUM OF RANKS FOR COLOR
AT EACH OUTPLANTING IN 1972
Outplanting 1 
Seed Sum of 
Source Ranks
Outplanting 3 
Seed Sum of 
Source Ranks
Outplanting 4 
Seed Sum of 
Source Ranks
48 13. 0 72 17.0 49 12.0
07 16.5 87 24.0 25 12.5
10 16.5 07 26.0 64 19.5
72 19.5 33 28.0 46 25.5
49 21.5 31 30.0 33 27.5
99 21.5 10 33.5 90 30.5
46 27.0 21 33.5 10 32.0
64 29.0 90 34.0 21 34.0
21 31.0 25 35.5 07 36.0
25 36.5 71 41.0 66 36.0
57 43.5 48 42.5 57 41.5
60 45.0 66 45.0 60 43.5
90 49.0 96 46.0 35 44.0
70 50.5 35 49.0 48 45.0
46 51.0 72 48.5







Stat. 30.71* 34.18* 26.00*
Coef. of
Concordance 0.60 0.44 0.44
Chi Square 31.04* 34.89* 26.39*
df 13—^ 20 15
1/ Seed sources 33 and 66 are missing.
76
Bud Traits 
Internodal Buds per Centimeter
In 1973, the number of internodal buds per centimeter 
on the leader varied among seed source means only at outplant­
ing 3 (Table 34). Seed source means from each outplanting 
were compared by Duncan's new multiple-range test (Table 35).
A gradual change among seed source means was found within 
each outplanting. Source means ranged from 0.85 to 1.28,
0.90 to 1.34, and 1.00 to 1.54 internodal buds per centimeter 
for outplantings 1, 3, and 4, respectively.
In the combined outplanting analysis the main effects 
for the outplanting means and the seed source means were sig­
nificant; however, their interaction was not significant 
(Table 36). The seed source means based upon the combined 
analysis are presented in Table 37. The Vermont seed source 
(07) had the lowest number of internodal buds per centimeter 
(0.93) and the seed source means gradually increased to a 
maximum of 1.36 internodal buds per centimeter. Outplanting 
4 had an average of 1.38 internodal buds per centimeter and 
this was significantly greater than outplantings 1 and 3, 
which respectively averaged 1.12 and 1.07 internodal buds 
per centimeter.
A series of correlation analyses were conducted in 
which various physical and climatic factors were tested as 
to their relationship to the number of internodal buds per 
centimeter. These analyses indicated that the mean number 
of internodal buds per centimeter could be related to
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TABLE 34
ANALYSIS OF VARIANCE FOR THE NUMBER OF INTERNODAL BUDS 












Block 3 0.3283 3 0.0839 3 0.2232
Seed Source 15 .0503 20 .0649* 15 .0916
Residual 45 . 0382 60 .0256 45 .0566
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TABLE 35
MEAN NUMBER OF INTERNODAL BUDS PER CENTIMETER 











10 1.28 1/ 48 1.34 60 1.54
33 1.27 35 1.33 10 1.54
66 1.27 96 1.24 46 1.54
48 1.26 90 1.19 48 1.53
49 1.24 49 1.16 25 1.47
46 1.17 31 1.16 35 1.46
72 1.15 72 1.14 33 1.43
70 1.13 60 1.09 66 1.40
64 1.13 70 1.08 72 1.37
57 1.12 10 1.08 64 1.36
60 1.12 33 1 . 06 57 1.36
25 1.11 64 1.05 21 1.28
21 1.10 66 1.02 49 1.20
99 1.01 57 1.00 90 1.19
90 0.96 21 0.99 70 1.15






1/ Means connected by the same line are not significantly
different by Duncan's new multiple-range test.
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TABLE 36
ANALYSIS OF VARIANCE COMBINING OUTPLANTINGS FOR NUMBER 




Seed Source 14 0.1135*
Block/Outplanting 9 .1977
Outplanting x Seed Source 28 .0406
Residual 126 .0380
TABLE 37



















1/ Means connected by the same line are not significantly
different by Duncan's new multiple-range test.
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latitude, longitude, and mean monthly winter precipitation 
(Figure 11). However, mean monthly winter precipitation is 
correlated with longitude (r = -.92) and latitude (r = -.53); 
also, latitude and longitude are correlated (r = .71). These 
physical-climatic interrelationships may explain the ob­
served correlation with the physical attributed of latitude 
and longitude.
At outplanting 3 the linear correlations of inter­
nodal buds per centimeter to the physical-climatic factors 
have the opposite sign of the linear correlation relating 
height growth to the same physical-climatic factor. In 
addition, height growth and the number of internodal buds 
per centimeter were significantly correlated (r = -.54) at 
outplanting 3. This implied that rapid height growth de­
creased the number of internodal buds per centimeter. This 
relationship may be apparent only with faster growth rates 
because this was not evident for either outplanting 1 or 4 
where trees had slower growth rates than at outplanting 3.
Number of Lateral Buds per Terminal Cluster
Mean number of lateral buds in the terminal cluster 
varied among seed sources at outplantings 3 and 4, in 1973 
(Table 38). Seed source 31 (Ontario) had the greatest number 
of lateral buds per terminal cluster at outplanting 3 and 
was significantly different from the remaining seed sources 
(Table 39). There were a limited number of seedlings of 













































Y = 0.36 +0.0095X
r = .59*
78 86 94 102
Y = 1.34 -0.095X 
2
± 1
1.4 2.2 3.0 3.8
Figure 11. Linear Relationship of Number of Internodal Buds 
per Centimeter to (a) Latitude (°N), (b) Longi­




ANALYSIS OF VARIANCE FOR NUMBER OF LATERAL BUDS 












Block 3 1.449 3 0.505 3 0.141
Seed Source 15 0.247 20 1.016* 15 0.651*
Residual 45 0.184 60 0.226 45 0.232
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TABLE 39
MEAN NUMBER OF LATERAL BUDS IN THE TERMINAL 


































































1/ Means connected by the same line are not significantly
different by Duncan's new multiple-range test.
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ing 3; therefore, it was not possible to test its performance 
at the other two outplantings. Seed source means for the re­
maining sources and for the other two outplantings gradually 
increased from a minimum of 2.8 to a maximum value of 5.8 
lateral buds per terminal cluster.
In the combined outplanting analysis the main effects 
for outplantings and seed sources along with their interac­
tion were significant (Table 40). A ranking of seed source 
means, within outplantings, did not show a consistent pattern 
among the outplantings (Table 41). The mean number of lateral 
buds in the terminal cluster increased gradually from minimums 
of 3.9, 4.1, and 2.8 to maximums of 4.7, 5.8, 4.2 at outplant­
ings 1, 3, and 4, respectively.
The number of lateral buds in the terminal cluster 
appeared to be strongly affected by both precipitation and 
temperature at the provenance of the sources. At outplantings 
1 and 4 a significant linear relationship existed between the 
mean number of lateral buds and 1) mean daily July minimum 
temperature and 2) mean monthly winter precipitation (Figure 
12). A relationship between the mean number of lateral buds 
and (a) growing degree days at outplanting 1 ; (b) latitude
at outplanting 3; (c) longitude at outplantings 3 and 4 was
found (Figure 13).
Also at outplanting 3 the mean number of lateral buds 
in the terminal cluster was related to mean daily July and 
mean annual daily maximum temperature and to the number of 
days in a year with a mean temperature :> 6°C (Figure 14) .
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TABLE 40
COMBINED COUPLANTING ANALYSIS OF VARIANCE FOR NUMBER




Seed Source 14 0.729*
Block/Outplanting 9 0.722




SOURCE WITHIN OUTPLANTING MEANS 















10 4.7 90 5.8 60 4.2
49 4.6 07 5.7 90 4.1
57 4.6 66 5.5 21 4.0
64 4.6 70 5.4 07 3.8
66 4.6 21 5.2 25 3.7
48 4.5 48 5.2 70 3.5
60 4.5 60 5.2 72 3.4
90 4.5 64 5.2 10 3.3
46 4.3 57 5.0 46 3.3
70 4.3 25 4.9 57 3.3
21 4.2 10 4.7 64 3.3
72 4.2 72 4.7 33 3.2
33 4.1 49 4.6 66 3.2
07 4.0 33 4.5 49 3.0
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Y = 4,.62 -0 .






.6 1.4 2.2 3.0 3.8
Figure 12. Linear Relationship of Mean Number of Lateral 
Buds per Terminal Cluster at Outplanting 1 (+) 
and 4 (O) on (a) Mean Daily July Minimum Temp­



















































70 78 86 94 102
Figure 13. Linear Relationship of Mean Number of Lateral 
Buds per Terminal Cluster at (a) Outplanting 1 
on Growing Degree Days, (b) Outplanting 3 on 
Latitude (°N), and (c) Outplanting 3 (+) and 4 




















































183 201 219 227 255
Figure 14. Linear Relationship of Mean Number of Lateral 
Buds per Terminal Cluster at Outplanting 3 on
(a) Mean Daily July Maximum Temperature (°F),
(b) Mean Daily Annual Maximum Temperature (°F),
(c) Number of Days with Mean Tempeature > 6°C.
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There was a seed source-site interaction of means 
for lateral buds per terminal cluster when outplantings 1 
and 4 were compared (Figure 12). At outplanting 1 the mean 
number of lateral buds increased with an increase in the 
mean daily July minimum temperature at the provenance loca­
tion of each seed source, but there was a decrease in lateral 
bud number with an increase in mean monthly winter precipi­
tation. The opposite relationship was shown in both cases at 
outplanting 4 (Figure 12). The relationship between the 
number of lateral buds per terminal cluster at outplantings 
3 and 4 with longitude would appear to indicate that a seed 
source-site interaction did not exist between these out­
plantings (Figure 13c). The regression lines were essentially 
parallel, and a Students "t" test for homogeneity of the 
regression coefficients was not significant. However, in 
contrast to outplanting 4, which had a decrease in bud number 
as mean daily July minimum temperature increased; bud number 
at outplanting 3 increased with mean daily July and annual 
maximum temperatures (Figures 12 and 14). This was similar 
to outplanting 1 which also showed an increase in bud number 
as mean daily July temperature and growing degree days in­
creased (Figures 12a and 13a).
Multiple regression equations involving mean monthly 
winter precipitation and mean annual daily minimum tempera­
ture for outplanting 1 and latitude and mean daily July 
minimum temperature at outplanting 4 can be used to predict 
the mean number of lateral buds per terminal cluster (Figure
90
15). Future measurements will be needed to verify these 
relationships because the Kendall rank correlation coeffic­
ients for the three outplantings were not significant when 
1972 and 1973 data were compared.
Number of Lateral Buds per Top Lateral Whorl Branch
The mean number of lateral buds per branch in the 
top lateral whorl varied significantly among seed sources 
means at outplantings 3 and 4 (Table 42). Seed source 
within outplanting means are listed in Table 43.
In the combined outplanting analysis the main effects 
of outplanting and seed source, and their interaction were 
significant (Table 44). The seed source means, within out­
plantings, does not show a consistent pattern across seed 
sources (Table 45).
No significant linear relationship between the cli­
matic variables and the mean number of lateral buds per 
branch in the top lateral whorl could be determined for 
either outplanting 1 or 3. Mean number of lateral buds per 
top whorl branch at outplanting 4 was related with longitude, 
elevation and mean monthly winter precipitation in a linear 
regression (Figure 16).
Branch Angle
Branch angle varied significantly among seed source 
means at outplantings 3 and 4 (Table 46). The mean branch 
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Multiple Regression for Prediction of Mean 
Number of Lateral Buds per Terminal Cluster at 
(a) Outplanting 1, (b) Outplanting 4.
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TABLE 42
ANALYSIS OF VARIANCE FOR MEAN NUMBER OF LATERAL 
BUDS PER TOP WHORL BRANCH AT EACH OUTPLANTING
Outplanting 1 Outplanting 3 Outplanting 4
Source of Mean Mean Mean
Variation df Squares df Squares df Squares
Block 3 0.589 3 0.351 3 0.084
Seed Source 15 .092 20 .637* 15 .223*
Residual 45 .127 60 .179 45 .090
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TABLE 43
MEAN NUMBER OF SIDE BUDS PER TOP WHORL 
BRANCH AT EACH OUTPLANTING
Outplanting 1 Outplanting 3 Outplanting 4
Seed Treat Seed Treat Seed Treat
Source Mean Source Mean Source Mean
66 3.0 1/ 07 4.0 90 2.6
10 3.0 64 3.9 07 2.5
70 3.0 90 3.7 21 2.4
57 2.8 25 3.6 72 2.3
33 2.8 21 3.6 60 2.3
60 2.8 72 3.6 25 2.3
07 2.7 10 3.5 48 2.2
48 2.7 08 3.5 57 2.1
64 2.7 66 3.4 64 2.1
90 2.7 48 3.4 70 2.0
25 2.6 60 3.4 46 2.0
99 2.6 70 3.4 49 2.0
49 2.6 87 3.3 10 2.0
46 2.5 31 3.3 33 1.9
21 2.5 57 3.3 66 1.9






1/ Means connected by the same line are not significantly
different by Duncan's new multiple-range test.
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TABLE 44
COMBINED OUTPLANTING ANALYSIS OF VARIANCE FOR MEAN 




Seed Source 14 0.384*
Block/Outplanting 9 .358




SOURCE WITHIN OUTPLANTING MEANS FOR NUMBER 













10 3.0 07 4.0 90 2.7
57 2.8 64 3.9 07 2.5
70 2.8 90 3.8 21 2.4
33 2.8 21 3.6 72 2.3
60 2.8 72 3.6 60 2.3
07 2.7 25 3.6 25 2.2
48 2.7 10 3.5 48 2.2
90 2.7 48 3.4 64 2.1
64 2.7 60 3.4 70 2.1
25 2.6 66 3.3 57 2.0
66 2.6 70 3.3 46 2.0
49 2.5 57 3.3 33 2.0
46 2.5 49 3.1 49 2.0
72 2.5 46 2.9 66 2.0
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Figure 16. Linear Relationship of Mean Number of Lateral 
Buds per Top Whorl Branch at Outplanting 4 on 
(a) Longitude (°W), (b) Elevation (ft.), and
(c) Mean Monthly Winter Precipitation (in.).
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TABLE 46
ANALYSIS OF VARIANCE FOR BRANCH ANGLE 
AT EACH OUTPLANTING
Outplanting 1 Outplanting 3 Outplanting 4
Source of Mean Mean Mean
Variation df Squares df Squares df Squares
Block 3 19.99 3 41.95 3 59.23
Seed Source 15 19.96 20 39.39* 15 49.16*
Residual 45 31.88 60 18.02 45 20.30
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54° at outplantings 1 and r, respectively; however, a real 
difference could not be detected at either outplanting by 
Duncan's new multiple-range test (Table 47). At outplanting 
3 the mean branch angle exhibited a continuous increase among 
seed sources from 44° to 55° (Tabel 47).
In the combined outplanting analysis the main effects 
for outplanting and seed source were significant, while their 
interaction was not (Table 48). Seed source means, pooled 
for the three outplantings are listed in Table 49. The 
pooled means have a range of only nine degrees (51° to 59°) 
and vary gradually among seed sources. Seed sources from 
outplantings 3 averaged a more upright branch angle (48°) 
than those from outplantings 1 and 4 (60° and 59°). This 
difference was significant by Duncan's new multiple-range 
test.
Branch angle was positively correlated with mean 
daily July minimum temperature and a multiple regression 
equation involving elevation and mean daily July minimum 
temperature was obtained (Figure 17). In addition, mean 
branch angle was significantly correlated with the length 
of the current years terminal elongation. At outplanting 
1 the correlation was positive (r = .64), while at outplant­
ings 3 and 4 it was negative (r = .62 and -.54, respectively). 
This study indicated that the variation in mean branch angle 
vas small among sources and would appear to be of minimal 
importance in a Christmas tree breeding program or in differen­
tiating among the seed sources in this study.
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TABLE 4 7
SEED SOURCE WITHIN OUTPLANTING MEANS FOR BRANCH 













10 64 1/ 33 55 48 64
33 63 31 55 46 64
57 63 48 52 70 63
46 62 49 52 07 62
21 62 70 52 10 62
64 61 46 51 35 61
49 61 71 50 90 61
48 60 35 50 66 61
25 60 10 49 57 60
66 59 57 49 64 59
90 59 96 49 49 58
99 59 90 49 25 57
70 58 87 48 21 56
60 57 64 47 33 56
07 57 72 46 72 55






1/ Means followed by the same line are not significantly
different by Duncan's new multiple-range test.
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TABLE 48




Seed Source 14 66.74*
Block/Outplanting 9 34.55
Outplanting x Seed Source 28 25.31
Residual 126 22.57
TABLE 49
SEED SOURCE MEANS POOLED OVER OUTPLANTINGS 


















1/ Means connected by the same line are not significantly
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Figure 17. Pooled Branch Angle on (a) Mean Daily July
Minimum Temperature (°F), (b) Multiple Regression




The relationships of the number of branches develop­
ing from a given number of buds were variable among the out­
plantings and for the different years for each of the charac­
teristics (internodal branches per centimeter on internodal 
buds per centimeter; branches in the top whorl on lateral 
buds in the terminal cluster, and lateral branches per branch 
in the second whorl from the top on lateral buds per branch 
in the upper most whorl). The regression equations and 
correlation coefficients are presented in Table 50. At out- 
planting 1 the correlation coefficients generally increase 
with time after planting (Table 50). This could reflect the 
decreasing importance of transplanting shock. The late frost 
in 1972 and a browse problem affected the number of branches 
in the top whorl and terminal cluster formation which made 
it difficult to determine the number of internodal buds.
The data indicate that bud-branch relationships have not 
stabilized enough at the present time to indicate any general 
relationships.
Environmental Factors and Form
The effect of frost, browse or disease damage upon 
the form of each tree was evaluated each year. Disease damage 
was minimal, or non-existent during the course of the study 
and therefore could not be evaluated in relation to seed 
source. Also, there appeared to be no animal preference for 




Internodal Branches per cm on Internodal Buds per cm
Outplanting Year Reg. Equation
SY
1 71-70 Y = -0.057+0.569X 0.69 0.09
1 72-71 .021+ .577X .73 .19
1 73-72 .527+ .188X .62 .22
3 73-72 .135+ .609X .80 ,12
4 73-72 .091+ .553X .72 .19
Branches in 
Cluster
the Top Whorl on Lateral Buds in the Terminal
1 71-70 Y = 2.14+0.870X 0.70 0.49
1 72-71 = -0.879+0.924X .62 .63
1 73-72 = - .378+1.023X .93 .32
3 73-72 = - .707+1.025X .73 .49
4 73-72 = - .033+0.918X .82 .24
Mean Number 
Buds per Top
of Lateral Branches on Mean Number 
Whorl Branch
of Lateral
1 71-70 Y + 0.782+0.392X 0.26 0.41
1 72-71 .428+ .617X .47 .35
1 73-72 .022+ .820X .78 .38
3 73-72 = - .114+ .940X .88 .18
4 73-72 = - .121+ .953X .89 .19
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(1 and 3); but damage was not restricted to any one source, 
rather, it was uniform over each of the plantations. At 
this early age the effects of transplanting shock are still 
evident on many trees. The precluded a meaningful evaluation 
of the eventual form, and as a result, evaluation of form 
will have to be made at a later date.
Frost damage varied significantly among seed sources 
at outplantings 1 and 3 in 1972, and at outplanting 3 in 
197 3 (Table 51). Ranking the sources on the basis of frost 
damage in outplanting 3 did not indicate the same degree of 
similarity between 1972 and 1973. At outplanting 3 the 1973 
ranking Was in closer agreement with the 1972 ranking at out- 
planting 1 and with the mean date of growth initiation (Table 
8). The relationship between frost damage and mean date of 
growth initiation has been discussed in the section entitled 
Growth Initiation (Page 31).
Insect attack by the balsam twig aphid (Mindraus 
abietinus Koch.) was severe at all outplantings in 1972. The 
balsam gall midge (Dasyneura balsamieola (Lint.)) was also 
evident. There appeared to be no differences among seed 
sources with regard to insect attack, and resistance by any 
source under these severe conditions was not evident. Insect 
populations were lower in 1973, and as a result there was 
very little damage at either outplanting 1 or 3. There was, 
however, a significant difference among seed sources at out- 
planting 4 in twig aphid damage in 1973 (Table 52). Sources 
with the least insect damage (smallest sum of ranks) were
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TABLE 51
NONPARAMETRIC ANALYSIS WITH SUM OF RANKS FOR FROST DAMAGE
Outplanting 1 
1972








Seed Sum of 
Source Ranks
70 6.5 46 13.5 07 20.0
57 13.0 71 18. 0 70 20.5
90 20.0 25 24.0 08 23.0
25 21.0 66 24.5 90 29.0
60 28. 0 31 25.0 64 30.5
72 28.0 07 27. 0 31 31.5
99 30.5 33 28.5 57 33.0
46 31.0 10 34.5 21 35.5
10 31.5 64 36.5 60 38.5
21 35.5 48 39.0 66 42.5
07 41.5 08 47.0 96 42.5
33 48.0 21 47.5 48 46.5
64 48.0 57 48.5 46 47.0
49 50.0 70 50. 0 25 48.0
48 55.0 87 60.0 33 49.0
66 56.5 49 61.0 49 53. 0
72 62.5 71 57.5
35 58.0 35 58.0
90 65.0 87 68.0
96 71.0 10 73.5






Concordance 0.63 0.60 0.47
Chi Square 38.02* 47.79* 37.56*
df 15 20 20
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TABLE 52
NONPARAMETRIC ANALYSIS SHOWING SUM OF RANKS


























generally the source with a latter flushing date. When the 
seed source ranking for growth initiation (Table 7) and 
insect damage was compared, the Kendall rank correlation 
coefficient (t = .40) was significant. This indicated that 
under the less than epidemic conditions apparently the later 
flushing seed sources, those which undergo bud break late in 
the season, have less insect damage.
107
GEOGRAPHIC VARIATION
The entire range of balsam fir was not sampled in 
this study but the regression analyses indicated that clinal 
variation exists among the tested samples. Apparently the 
temperature and moisture regimes of the parent seed sources 
are important selective forces that have modified balsam fir. 
Some of the seed sources appeared to be outliers from the 
regression line but the limited sampling precluded any 
determination of whether these should be classified as 
ecotypes.
Date of growth initiation appeared to be mainly in­
fluenced by the temperature regime of the parent seed source 
with northern seed sources initiating growth earlier than 
southern sources. Mean flushing date also was associated 
with July and annual mean daily maximum temperatures and as 
a result, sources from warmer climates (southern sources) 
started growth later in the spring.
Diameter and the amount of terminal elongation in 
1973 at outplanting 1 could not be associated with any of 
the physical-climatic variables used in this study. The 
remaining growth characteristics (height growth and total 
height) were generally related to the moisture regime of 
the parent seed source. The exception was height growth at 
outplanting 4 which was related to the temperature regime 
and growing season of the parent sources. The pattern of
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geographic variation was similar for total height growth at 
outplanting 3. Both traits showed a negative relationship 
with longitude and a positive relationship with mean monthly- 
winter precipitation. Total height at outplanting 4 showed 
a similar relationship to outplanting 3, having a positive 
correlation with mean monthly winter precipitation. Out- 
planting 1 showed a positive relationship between total 
height and mean monthly fall precipitation.
The similarity of the regressions at outplanting 3 
for total height and terminal elongation with longitude and 
mean monthly winter precipitation indicates this to be the 
only outplanting in which the seed sources have stabilized 
their ranking. These height relationships support Lester 
(1970), who observed similar relationships studying five- 
year height measurements.
At outplantings 1 and 4 needle length was not related 
to any of the physical-climatic variables; however, needle 
length was related to longitude and mean monthly winter pre­
cipitation at outplanting 3. The correlation coefficient 
had the same sign as the physical-climatic relationships to 
total height and height growth, however, they did not account 
for as much of the variation in needle length as they had for 
height. Needle length was correlated to total height (r =
.65) and height growth (r = .53) only at outplanting 3. 
Therefore, the observed relationships between physical- 
climatic factors and needle length might have been directly 
related or they may have been a result of the intercorrelation
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among the morphological traits.
Relationships between bud traits and the physical- 
climatic variables varied widely with kind of buds and the 
outplanting under consideration. Apparently both the temper­
ature and moisture regimes at the geographic location of the 
seed source affected the bud traits, and the seedlings re­
sponded differently to the environments at the different 
outplanting locations.
Mean number of internodal buds per centimeter was 
correlated with latitude (positive), longitude (positive), 
and mean monthly winter precipitation (negative). The 
relationship with longitude and mean monthly winter precip­
itation had opposite signs from the regression coefficients 
obtained for height growth at outplanting 3. This could 
mean that faster growing trees have fewer internodal buds 
per cm. The experimental design for this study did not 
permit the determination of within provenance variation.
The writer's observations indicate that there is consider­
able variation within provenances and individual tree selec­
tion may be used to obtain genetic gain in growth and in 
increasing the number of internodal buds per centimeter.
Number of lateral buds per terminal cluster showed 
a seed source site interaction between outplantings 1 and 4. 
Regression coefficients to mean monthly winter precipitation 
and mean daily July minimum temperature were significant at 
each outplanting; however, the signs of the coefficients 
were different for each variable. At outplantings 3 and 4
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the number of lateral buds per terminal cluster was related 
to longitude and a seed source site interaction was not in­
dicated because the regression coefficients were not signif­
icantly different. Latitude, mean daily July and annual 
maximum temperature, and the number of days with a mean 
temperature >_ 6°C were associated with the mean number of 
lateral buds per terminal cluster at outplanting 3.
The mean number of lateral buds per branch in the 
upper most whorl was not associated with any of the physical- 
climatic variables at either outplanting 1 or 3. At out- 
planting 4 lateral buds were associated with longitude, 
elevation, and mean monthly winter precipitation. Also at 
outplanting 4 there was a significant correlation between 
the number of lateral buds per terminal cluster and the 
number of lateral buds per branch in the uppermost whorl 
(r = .73). The correlations with longitude and mean monthly 
winter precipitation may be a result of the species response 
to environmental pressure and not to statistical manipulation 
of the data.
With the exception of mean flushing date, other 
results of this study should be considered tentative. It 
was possible to rank seed sources in about the same order 
in both 1972 and 1973 only for mean flushing date. Future 
measurements are required to verify the observed relation­
ships for the other variables. At this time, it appears that 
outplanting 3 provided the best indication of the way the 
seed sources will perform in the future at all locations.
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At outplanting 3 the seed sources ranked similarly for height 
growth and total height, and there were morphological correl­
ations between many of the other traits. Such rankings and 
correlations were only partially apparent at outplanting 4 
and were completely nonexistent at outplanting 1 .
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EVALUATION OF SEED SOURCES FOR CHRISTMAS TREES
Mean date of growth initiation was the only variable 
which allowed the seed sources to be ranked (Table 9). Re­
sults of this study indicatedthat trees with a late flushing 
date (trees beginning growth late in the spring) will escape 
many of the late spring frosts which occur in northern New 
England, and possibly escape severe damage by the balsam gall 
midge and the balsam twig aphid. The data also shoved seed 
source 70 (Michigan) to be the latest source with a mean 
flushing time of 147 days past January 1. Seed sources 57,
60, and 90 (Wisconsin, Michigan and New York) were the next 
latest sources with mean dates ranging from 136 to 138 days 
past January 1. The local seed source (07) had the same 
mean flushing date as seed source 25 (Ontario) - 132 days 
past January 1.
The remaining morphological variables studied either 
had seed source by outplanting interactions or there were 
insufficient differences among the seed source means to 
permit a meaningful ranking of the seed sources.
The outplanting by seed source interaction for three 
year survival indicated that seed source 66 (Michigan) is un­
suitable for planting in New England (Table 14). At outplant­
ing 1 and 4 source 66 had the poorest survival (35 and 39 
percent), while it ranked eleventh at outplantings 3 (76 
percent). Evidently this source is not adapted to the New
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England climate as sampled in this study.
On the basis of the combined outplanting analyses 
seed source menas were ranked (1 to 15) within each outplant­
ing for the following traits: time of growth initiation;
survival; amount of terminal elongation; total height; needle 
length; needle arrangement; color; mean number of internodal 
buds per centimeter; mean number of lateral buds in the 
terminal cluster; and mean number of lateral buds per branch 
in the upper most whorl. All rankings were made on basis of 
1973 measurements with the exception of color which was 
based on 1972 measurements. Branch angle and diameter were 
not ranked because differences among seed source means, al^ 
though statistically significant were not of sufficient 
importance for Christmas tree production. After each trait 
was ranked, the rankings were then summed across traits 
within each outplanting and the seed sources were ranked 
again by the sum of the individual trait rankings (Table 53).
Seed source 90 (New York) ranked high at each of the 
outplantings and had the best ranking when all of the out­
plantings were considered. This seed source, also, had a 
relatively late flushing date. Although survival was rela­
tively poor for source 90, this deficiency could possibly be 
overcome by selecting for field survival within the source. 
Seed sources 07, 25, and 60 (Vermont, Ontario and Michigan) 
were closely ranked when all three outplantings were consid­
ered. The seed source with the latest flushing date (70— 
Michigan) ranked 9th when the other traits were considered.
TABLE 53




Outplanting 1 Outplanting 3 Outplanting 4 Average Combined
07 10 1 6 5.7 3.5
10 1 6 13 6.7 5
21 12 3 8 7.7 7.5
25 8 4 3 5.0 2
33 4 15 4 7.7 7.5
46 13 13 7 11.0 13
48 9 10 11 10.0 12
49 11 14 9 11.3 14
57 2 11 14 9.0 10
60 3 12 2 5.7 3.5
64 5 5 12 7.3 6
66 14 7 15 12.0 15
70 6 9 10 8.3 9
72 15 8 5 9.3 11
90 7 2 1 3.3 1
1/ Appendix 5 presents the trait rankings within each planting.
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Also, seed source 57 (Wisconsin) ranked rather poorly when 
all of the outplantings were compared even though it had a 
later flushing date.
The ranking of the seed sources for total height 
appears to be more stabilized in outplanting 3 than in the 
other two outplantings because of the high correlation be­
tween height growth and total height (r = .93). Only at 
outplanting 3 were there several significant relationships 
noted among the morphological traits. At this outplanting 
the Vermont seed source (07) ranked considerably better than 
any of the non-local seed sources; this was true when the 15 
seed sources common to all of the outplantings were compared 
and when comparisons were made on the 21 seed sources present 
only at that location (Appendix 5 and 6).
Observations in local New Hampshire and Vermont 
plantations, both natural and planted, indicated that a large 
amount of variation exists within the balsam fir population. 
This agrees with the report that variation in height among 
maternal progenies of balsam fir was large when compared to 
variation among range-wide provenances (Lester, 1970). The 
apparent variation within and the high ranking of the Vermont 
source (07) indicated selection within the local population 
would be a suitable approach for developing a genetically 
superior strain of balsam fir.
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SUMMARY
Seed from twenty-one seed sources of balsam fir was 
obtained from the University of Wisconsin, and was planted 
at the New Hampshire State Forest Tree Nursery. After three 
years the seedlings were lifted and those sources having a 
sufficient number of seedlings (15) were divided between New 
Hampshire and Vermont. Seed sources not having a sufficient 
number of seedlings were retained by Vermont (21). Each 
state maintained the seedlings in an unreplicated design in 
their own nursery for two more years. In the fall of 1970 
New Hampshire established two outplantings, and Vermont es­
tablished two outplantings in the spring of 1971. One out- 
planting in New Hampshire had to be dropped from the study 
in the fall of 1971 because of poor survival.
Total height was measured at the time of field 
planting. Sixteen traits were later evaluated in the field. 
Total height, height growth and diameter were subjected to 
an analysis of variance with the inclusion of a regression 
coefficient for original height in the model. Discontinuous 
traits were analyzed by the Freidman's two-way analysis of 
variance and the Kendall coefficient of concordance. The 
remaining traits were subjected to an analysis of variance. 
Linear and multiple regression techniques were used to relate 
the morphological observations with physical-climatic vari­
ables at the location of each seed source.
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At the end of the 1973 growing season significant 
differences were found among seed sources and outplantings 
for the date of growth initiation, survival, height growth, 
total height, diameter, needle length, number of internodal 
buds per centimeter, number of lateral buds in the terminal 
cluster, number of lateral buds per branch in the top whorl, 
and branch angle. A linear relationship of total height and 
diameter upon total height at planting time was significant. 
There was significant outplanting by seed source interaction 
for all traits except: 1 ) date of growth initiation, 2)
diameter, 3) number of internodal buds per centimeter, and 
4) branch angle. Nonparametric analyses indicated signifi­
cant differences among seed sources at one or more outplant­
ings for needle arrangement, needle color, frost damage, and 
insect damage in 1972 or 1973. There were no apparent 
differences for browse damage or in overall tree form for 
Christmas tree use.
Correlation and regression analyses indicated that 
clinal variation predominated in the balsam fir sources 
tested in this study. Significant linear correlation and 
regression coefficients were obtained between some climatic 
variables and date of growth initiation, height growth, total 
height, needle length, number of internodal buds per centi­
meter, number of lateral buds in the terminal cluster, and 
mean number of lateral buds per upper lateral whorl branch 
which supported the argument for clinal patterns of variation.
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A multiple regression equation relating date of 
growth initiation to July mean daily maximum temperature and 
growing degree days was developed. This equation predicts 
when an unknown seed source will begin growth as compared to 
the 15 common sources used in this study. For the remaining 
traits the individual seed sources were not ranked similarly 
in the same outplanting for both 1972 and 1973. Therefore, 
future measurements of these traits will be required to 
determine if the performance of the seed sources will stabil­
ize at a future time or whether the relationships observed 
in this study are maintained. Poor field survival of seed 
source 66 (a Michigan source) indicated that it is unsuitable 
for planting in northern New England and that the local seed 
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APPENDIX 1
RATING SYSTEM FOR SUBJECTIVE TRAITS
A. Frost Damage
1. No frost damage
2. Light frost damage - <5%
3. Moderate frost damage -5% - 20%
4. Severe - frost damage -2 0% +
B. Insect and Disease Damage
1. Free of both insect and disease damage
2. Light insect damage
3. Moderate insect damage
4. Severe insect damage
5. Disease damage
6 . Light insect and disease damage
7. Moderate insect and disease damage
8. Severe insect and disease damage
C. Needle Arrangement
1. Needles flattened on twig cross section 
(0-30° from horizontal)
2. Intermediate (30-70° from horizontal)
3. Needles completely around top of twig 
(70°+ from horizontal)
D. Color - Top Whorl
1. Dark blue-green (Muncell Code 10BG 5/6)
2. Light blue green (M.C. 2.5BG 6/6)
3. Dark green (M.C. 5BG 5/8)
4. Medium green (M.C. 2.5G 6/8)
5. Light Green (M.C. 10GY 6/8)







b. Light browse (1-2 branches)
c. Moderate browse (3-5 branches)








CALCULATIONS FOR THE ADJUSTMENT OF CORNWALL NORMALS1
A. Mean Daily Monthly Temperature in °F. (Y)
Cornwall Regression Corr. Adjusted St. Error
Month Normal Equation Coef. Cornwall Val. Est.
January Mean Y = 0.724 X + 0.100 0.973 14.9 1.4
February Minimum = 0.899 X + 6.452 .903 17.3 1.4
March Mean = 0.851 X - 0.396 .976 26.2 1.1
April Mean = 0.912 X - 2.381 .941 38.7 1.4
May Minimum = 0.569 X +25.112 .881 50.8 1.5
June Minimum = 0.308 X +43.305 .930 60.1 0.9
July Minimum = 0.964 X + 9.428 .930 66.8 0.6
August Mean = 1.018 X - 6.186 .994 64.0 0.3
September Minimum = 0.904 X +12.250 .827 57.6 1.4
October Mean = 1.045 X - 5.653 .977 46.8 1.0
November Minimum = 0.944 X + 5.037 .986 33.5 0.5
December Mean = 0.811 X + 0.928 .996 21.0 0.3
1Sable, E. and R. E. Lautzenheiser, Climatological Summary. U.S.D.C. Weather Bureau
Climatography of the United States 20-43.
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APPENDIX 2. (continued)
B. Mean Daily Maximum Monthly Temperature in °F. (Y)
Cornwall Regression Corr. Adjusted St. Error
Month Normal Equation Coef. Cornwall Val. Est.
January Mean Y = 0.574 X +13.703 0.956 25.4 1.5
February Minimum = 0.570 X +20.618 .892 27.5 1.0
March Mean = 0.808 X +10.163 .990 35.4 0.7
April Maximum = 0.982 X - 6.121 .970 48.6 1.1
May Maximum = 1.060 X -11.024 .887 62.4 1.5
June Maximum = 1.158 X -18.388 .822 71.7 1.5
July Mean = 0.826 X +19.289 .864 78.0 0.7
August Mean = 1.110 X - 0.916 .975 77.5 0.7
September Minimum = 0.848 X +25.656 .868 68.2 1.1
October Mean = 1.181 X - 1.340 .970 57.9 1.4
November Mean = 1.012 X + 2.273 .985 41.0 0.6
December Maximum = 0.864 X + 0.438 .966 28.7 1.1
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APPENDIX 2. (continued)
C. Mean Daily Minimum Temperature in °F. (Y)
Cornwall Regression Corr, Adjusted St, Eri
Month Normal Equation Coef, Cornwall Val. Est
January Minimum Y = 0.709 X - 3.181 0,982 11,4 1.4
February Minimum = 1.247 X - 7,939 ,835 12,1 2,8
March Minimum = 0.827 X - 0.684 .956 21,7 1.6
April Minimum = 0.842 X - 0.254 .899 34,5 1.8
May Minimum = 0.387 X +21.516 .845 45.2 0.3
June Minimum = 0.737 X + 8.319 .794 54.5 1,8
July Minimum = 1.176 X -14.695 .814 59,5 1.4
August Mean = 0.941 X -12.440 .984 69,0 0,5
September Minimum = 0.972 X - 1.757 ,770 50.2 1.9
October Minimum = 0.914 X - 0.032 .988 39.9 0.7
November Minimum = 0.949 X - 2.010 .924 30.2 1.3
December Minimum = 0.820 X - 0.442 .992 16,6 0.5
APPENDIX 2. (continued)
D. Mean Monthly Precipitation in Inches (Y)
Cornwall Regression Corr. Adjusted St. Error
Month Normal Equation Coef. Cornwall Val. Est.
January Precipitation Y = 0.625 X +1.134 0.905 2.69 0.8
February Precipitation = 0.395 X +3.560 .957 4.38 0.1
March Precipitation = 1.436 X +0.235 .932 4.08 0.5
April Precipitation = 2.097 X -1.753 .779 3.51 1.5
May Precipitation = 1.142 X -0.333 .900 3.16 0.8
June Precipitation = 1.725 X -1.979 .902 3.80 1.1
July Precipitation = 0.796 X +1.387 .970 4.20 0.3
August Precipitation = 0.760 X +0.237 .852 2.78 1.3
September Precipitation = 1.380 X -1.365 .927 3.23 0.5
October Precipitation = 1.136 X +0.233 .973 3.49 0.8
November Precipitation = 1.313 X +0.581 .745 4.31 1.5
December Precipitation = 0.774 X +2.206 .985 4.22 0.3
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APPENDIX 3
ESTIMATION OF GROWING DEGREE DAYS (42°F. BASE)
Y = 1074.8 + 73.61 (X1 - 42) + 111.82 (X2 - 42
Where: X^ > 42
x2 > 42
If: X < 42
Then: X^ -
X„ < 42
Y = Growing Degree Days (42°F. Base)
X^ = Mean July Daily Maximum Temperature 
X2 = Mean July Daily Minimum Temperature
Multiple Correlation Coefficient = .98 
Standard Error of Estimate = 184
42 = 0 
42 = 0
Appendix 4 . ____________________________ CORRELATION COEFFICIENTS BETWEEN PHYSICAL AMD CLIMATIC FACTORS__________________________________ ______
Lat. Lat. Elev. Hean Precip. Ann. Daily Temp. Jan. Daily Temp. July Daily Temp. Mean Temp. _>
_________Long. Lat. +l°/100m +l°/189m (ft.) Sp. Su. F. H. Ann. Mean Max. M m  Mean Max. Kin. Mean Hax. Min. ~5p. su. t. w. GDP 6°C. GS
Longitude 1.00 .71 .75 . .76 .01 ,83 ,05 ,95 ,92 ,86 ,39 ,56 ,35 ,54 ,64 ,42 .25 rl4 .30 ,24 .21 ,50 ,53 .17 ,74 .16
(°W)
Latitude —  i.oo .89 .97 ,25 ,85 ,39 ,74 ,53 ,76 ,89 ,96 ,78 ,94 ,97 ,87 ,31 ,73 ,99 ,82 ,42 ,92 ,93 ,40 ,87 .09
<°N)
Latitude
♦lo/100m —  —  1.00 .98 .20 ,80 ,33 ,78 ,52 ,77 ,81 ,85 ,71 ,85 ,88 ,76 ,27 ,60 ,05 ,72 ,36 ,87 ,85 ,30 ,97 .06
Latitude
+l°/189m —  —  —  1.00 ,03 ,85 ,37 ,78 ,54 ,79 ,87 ,92 ,76 ,92 ,95 ,83 ,30 ,68 ,08 ,79 ,40 ,92 ,92 ,36 ,95 ,08




Precip'. —  —  —  —  —  1-00 .51 .87 .75 .92 .61 .70 .52 .71 .78 .62 .09 .40 ,05 .51 .12 .66 .70 .13 .85 ,24
Mean 
Mo. Su.
Precip. —  —  —  —  —  __ 1.00 .22 ,09 .48 .38 .30 .25 .36 .39 .35 .40 .37 .24 .45 .40 .30 .33 .35 .40 ,06
Mean 
Mo. F.
PreciP    1.00 .83 .94 .46 .61 .41 .63 .72 .52 ,23 .20 ,30 .32 ,16 .55 .61 ,14 .81 ,26
Hean 
Mo. W.
Precip. —  —  —  —  __ „  __ 1.00 .73 .19 .36 .20 .35 .43 .24 ,31 ,04 ,32 ,04 ,33 .31 .34 ,26 .56 ,27
Mean
Ann.
Precip. —  —  —  —  —  __ —  __ i.00 .47 .63 .38 .63 .73 .52 ,14 .28 ,25 .37 ,08 .53 .60 ,06 .83 ,33
Appendix U. Continued__________ ;_________ CORRELATION COEFFICIENTS BETWEEN PHYSICAL AHD CLIMATIC FACTORS________________________________________ _
Lat. Lat. Elev. Mean Precip. Ann Daily Temp. Jan. Daily Temp. July Daily Temp. Mean Temp. 2
_________ T^ng. Lat. +l°noQm +l°/189m (ft.! Sp. Su. f. w. Ann. Mean Max. Min. Mean Max. Min. Mean Hag, rfm.— SPi >>U. — SEE— — Si
Mean Ann.
Daily
Temp. -- -- —  —  —  —  —  —  —  —  1.00 .91* .94 .96 .92 .96 .62 .86 .40 .98 .73 .98 .97 .68 .74 .06
Mean Ann.
Daily Max.
Temp. —  __ „  __ __ __ __ __ __ __ 1.00 .84 .97 .98 .93 .35 .84 .12 .88 .51 .95 .97 .46 .79 t09
Mean Ann.
Daily Min.
Temp. —  —  —  —  „  —  —  —  __ __ __ 1.00 .91 .82 .94 .62 .73 .56 .89 .70 .92 .92 .75 .66 .16
Mean Jan.
Daily
Temp. —  —  __ __ __ __ __ __ __ __ __ 1-00 .98 .98 .41 .78 .21 .89 .53 .96 100 .50 .81 t02
Mean Jan.
Daily Max.
Temp. —  —  —  __ __ __ „  __ __ __ __ __ __ 1>00 .99 .28 .74 .09 .84 .42 .93 .97 .39 .85 t06
Mean Jan.
Daily Hin.
Temp. —  —  —  —  __ __ __ __ __ „  __ __ __ __ i.oo .96 .80 .31 .90 .59 .93 .98 .59 .71 .00
Mean July 
Daily
Temp. -- -- -- -- -- —  —  —  —  —  —  —  __ __ __ i.oo .66 .84 .72 .97 .54 .43 .93 .19 .19
Mean July
Daily Max. __ __ __ __ __ __ __ __ __ __ __ __ __ __ i .qo .32 .91 .78 .82 .78 .69 .49 »20
Temp.
Mean July 
Daily Min. —  
Temp.
1.00 .49 .77 .32 .24 .91 .04 .42
Appendix 4. Continued__________________  CORRELATION COEFFICIENTS BETWEEN PHYSICAL AMD CLIMATIC FACTORS __________________________ __ ______
Lat. Lat. Elev. Mean Precip. Ann. Daily Temp. Jan. Daily Temp. July Daily Temp. Mean Temp.
_________Long. Lat. +l°/100m +l°/189m (ft.) Sp. Su. t. w. Ann. ~Hean Max. Bin. Mean Hax. MinT Mean Max. Min. 'Sp. Su. F. W. GDP 6°C. GS
Mean
Spring
Temp. —  —  —  —  —  —  —  _ _ _ _ _  _  —  —  __ _  _  __ __ _  1#oo .83 .94 .90 .77 .64 .09
Mean
Summer
Temp. —  —  —  —  -_ —  —  —  _  _  _  __ __ __ __ 1.00 .66 .56 .94 .27 .19
Mean
Fall
Temp. —  —  —  —  __ -_ __ __ __ __ __ __ __ __ _. __ __ __ __ __ 1.00 .97 .61 .80 .05
Mean
Winter
Temp. __ __ __ __ __         1.00 .53 .80 .00
Growing
Degree
Day __ __ __ __      ^ 1.00 .25 .24
Mo. Days 
Mean
Temp.     __ __       _ 1.00 t05
>*°C.
Growing
Season —  —                                            1.00
Correlations greater than 0.51 are significantly different from zero at the 5 percent level.
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/Top Wh. Br. Sum
07 5.5 12 12 9 7 1 15 14 7.5 83 10
10 14 2 2.5 8 11 2 2 1 1 43.5 1
21 7.5 10 15 1 12 8 13 11.5 15 93 12
25 5.5 14 4 2 5 3 11 15 10.5 70 8
33 14 6 3.5 4 3 7 4 13 3.5 57 4
46 12 13 7 10 13 12 5 9.5 13 94.5 3.5
48 7.5 7 9 12 15 5 1 7 7.5 71 9
49 10.5 4 10 13 14 14 6 3.5 13 88 11
57 2 5 1 7 1 13 10 3.5 3.5 46 2
60 3.5 3 8 3 8 15 3 7 3.5 54 3
64 9 1 5.5 5 10 10 8.5 3.5 7.5 60 5
66 14 15 14 14 9 6 8.5 3.5 10.5 94.5 3.5
70 1 8 5.5 11 2 9 12 9.5 3.5 61.5 6
72 10.5 11 13 15 6 11 7 11.5 13 98 15
90 3.5 9 11 6 4 4 14 7 7.5 66 7


























07 5.5 1 1 1 1 2 15 2 1 29.5 1
10 14 7 4 5 10 4 2 11.5 7 64.5 6
21 7.5 10 3 4 4 5 13 6.5 5 58 3
25 5.5 5 2 25 12 7 11 10 5 60 4.5
33 14 13 14 15 13 3 4 14 15 10.5 15
46 12 2 12 12 6 10 5 15 14 883 10
48 7.5 4 13 14 15 8 1 6.5 8.5 77.5 10
49 10.5 15 15 10 5 11 6 13 13 98.5 14
57 2 8 8 9 7 14 10 9 11 78 11
60 3.5 6 11 11 14 15 3 6.5 8.5 78.5 12
64 9 3 5 6 8 12 8.5 6.5 2 60 4.5
66 14 11 7 7 2 9 8.5 3 11 72.5 7
70 1 14 10 13 9 13 12 4 11 77 9
72 10.5 12 9 8 11 1 7 11.5 5 75 8
90 3.5 9 6 25 3 6 14 1 3 48 2
























07 5.5 6 7 3 12 1 9 15 4 4 68,5 6
10 14 8 11 10 14 10 7 2 9.5 9.5 98 13
21 7.5 10 8 8.5 13 4 8 13 3 3 78 8
25 5.5 5 5 7 5 7 2 11 5 5 59 3.5
33 14 1 1 5 1 3 5 5 12,5 12,5 59 3.5
46 12 9 6 2 8 9 4 5 9.5 12,5 77 7
48 7.5 3 12 12 10 13 13 1 15 6.5 93 11
49 10.5 11 9 13 2 8 1 6 14 12.5 87 9
57 2 14 15 14 7 14 11 10 9.5 10 106,5 14
60 3.5 4 3 6 9 12 12 3 1 4.5 58 2
64 9 13 14 15 3 11 3 8.5 9.5 8,5 94,5 12
66 13 15 10 8.5 15 6 10 8.5 12.5 12.5 112 15
70 1 2 13 11 4 15 15 12 6 8,5 87,5 10
72 10.5 7 2 4 6 5 14 7 7 4.5 67,0 5






































7.5 2 1 1 1 3 20.5 3 1
5.5 4.5 3 2 21 21 20.5 9.5 7.5
20 10 6 8 13 6 9.5 15 7.5
12 15 7 9 6 7 15 9.5 5
7.5 8 4 5 14 9 16 13 5
9.5 1 10 6 17 5 6 1 14.5
16.5 18 16 19 17 4 11 18 19.5
16.5 14 20 20 17 14 2 19.5 2
20 3 18 17 10 15 17.5 19.5 18
9.5 7 14 15 20 11 1 6 10.5
14 20 19 10 4.5 16 5 17 17
2 12 12 12 11 19 14 11.5 14.5
3 9 13 16 19 20 8 7.5 10.5
12 4.5 8 11 9 17 12 7.5 2
20 16 11 13 3 12 13 '4 10.5
1 19 15 18 12 18 9.5 5 10.5
16.5 11 17 14 7.5 10 17.5 21 14.5
16.5 17 9 7 15 1 7 15 5
12 6 2 3 2 2 19 11.5 14.5
4 13 5 4 4.5 8 4 2 3
5.5 21 21 21 7.5 13 3 15 19.5
